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PREFACE  TO  SECOMD  EDITION. 


The  second  edition  of  the  Bound  Volumes  of  our  Com- 
plete Coal  Mining  Course  differs  fsom  the  first  edition  in 
the  following  respects  : 

All  errors,  typographical  and  otherwise,  that  we  have  dis- 
covered in  the  first  edition  have  been  corrected.  In  a  num- 
ber of  instances  we  have  altered  the  text  somewhat,  when 
by  doing  so  we  thought  we  could  make  the  explanation 
clearer  to  the  students.  We  have  changed  the  page  num- 
bers in  all  the  volumes  except  Vols.  IV  and  V,  so  that  each 
paper  and  part  will  begin  with  1,  instead  of  numbering  the 
pages  continuously  throughout  the  volumes,  as  in  the  first 
edition.  In  order  to  make  the  indexes  intelligible  we  have 
given  each  paper  and  part  a  number.  This  number  has 
been  placed  on  the  headline  of  each  page  opposite  the  page 
number  ;  and  to  distinguish  it  from  the  page  number  it  has 
been  preceded  by  the  printer's  section  mark  §.  Conse- 
quently, a  reference  such  as  §  19,  page  12,  would  be  readily 
found  as  follows  :  The  back  stamps  on  the  first  three  vol- 
umes show  the  sections  (i.  e. ,  Papers)  included  in  the 
volumes,  that  for  Vol.  II  reading  §  §  11-21  ;  hence,  look  at 
the  inside  edges  of  the  headlines  to  Vol.  II  until  §  19  is 
found,  and  then  through  §  19  until  page  12  is  found. 

The  Question  Papers  have  been  given  the  same  section 
numbers  as  the  Instruction  Papers  to  which  they  belong, 
and  are  grouped  together  at  the  end  of  the  volume  contain- 
ing the  Instruction  Papers  to  which  they  refer.  The  Keys 
have  been  numbered  in  the  same  manner. 

Since  the  first  edition  was  issued  the  following  Papers 
have   been   added   to   the    Course  :     Dynamos  and  Motors 
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(3  parts) ;  Electric  Hoisting  and  Haulage  ;  Electric  Pump- 
ing, Signaling,  and  Lighting;  Electric  Coal-Cutting  Machin- 
ery. 

As  the  plates  for  these  Papers  have  not  yet  been  made, 
these  Papers,  together  with  the  Papers  on  Percussive  and 
Rotary  Boring  and  on  Compressed- Air  Coal-Cutting  Machin- 
ery, will  be  printed  in  a  supplementary  volume,  which  will 
be  sent  to  all  students  entitled  to  it  as  soon  as  it  is  printed. 
The  Question  Papers  that  accompany  these  Papers  and 
the  Keys  to  these  Question  Papers  will  also  be  incorpo- 
rated in  this  volume.  In  the  third  edition  this  supple- 
mentary volume  will  form  Vol.  IV  of  the  set. 

The  International  Correspondence  Schools. 


PREFACE  TO  FIRST  EDITION. 


The  Instruction  and  Question  Papers  which  are  furnished 
to  the  students  of  The  International  Correspondence 
Schools  become  so  badly  worn  and  soiled  when  a  student 
has  completed  his  Course,  that  he  has  worn  them  out, 
and  they  are  no  longer  suitable  for  reference  or  review. 
Since  the  Instruction  Papers  are  very  valuable,  especially  to 
those  who  have  studied  them,  there  has  grown  up  a  demand 
for  Sets  of  the  Instruction  and  Question  Papers,  indexed 
for  convenient  reference,  and  durably  bound  for  preserva- 
tion. Again,  many  of  our  students  can  spare  but  little  time 
for  study,  and  are,  therefore,  a  long  while  passing  through 
their  Courses.  These  students  also  desire  the  Papers  in  bound 
volumes  to  use  for  reference.  Other  students  begin  Courses, 
but  for  various  reasons  are  unable  to  complete  them,  and  feel 
that,  having  paid  for  their  Scholarships,  they  ought  to  have 
the  text-books,  even  though  they  can  not  finish  their  Courses. 

For  these  reasons,  we  have  decided  to  publish  all  of  the 
Instruction  and  Question  Papers  of  our  different  Technical 
Courses  in  volumes  bound  in  Half  Leather,  to  make  a  small 
advance  in  our  prices,  and  to  furnish  a  set  to  each  student  as 
soon  as  his  Scholarship  is  paid  for,  whether  he  has  completed 
his  studies  or  not. 

The  volumes  for  the  present  Course,  the  complete  Coal 
Mining,  are  six  in  number: 

Volume  I  contains  the  Instruction  and  Question  Papers  on 
Arithmetic,  Formulas,  Geometry  and  Trigonometry,  Gases 
Met  with  in  Mines,  Mine  Ventilation,  and  Mine  Surveying 
and  Mapping. 

Volume  II  contains  the  Instruction  and  Question  Papers 
on  Economic  Geology  of  Coal,  Prospecting  for  Coal,  Shafts, 
Slopes,    and    Drifts,     Methods    of    Working    Coal    Mines, 
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Mechanics,  Steam  and  Steam  Boilers,  Steam  Engines,  Air 
and  Air  Compression,  and  Hydromechanics  and  Pumping. 

Volume  III  contains  the  Instruction  and  Question  Papers 
on  Mine  Haulage,  Hoisting  and  Hoisting  Appliances,  Sur- 
face Arrangements  of  Bituminous  Mines,  and  Surface 
Arrangements  of  Anthracite  Mines. 

Volume  IV  contains  the  Instruction  Paper  on  Geomet- 
rical Drawing,  the  plates  that  go  with  it,  and  the  in- 
structions for  drawing  them;  it  also  contains  the  plates  of 
Mine  Surveying  and  Mapping. 

Volume  V  contains  the  Tables,  Rules,  and  Formulas  in 
common  use.  The  student  who  has  finished  his  Course  will 
find  these  Tables  of  great  service.  All  the  principal  for- 
mulas, with  the  definitions  of  the  letters  used  in  them, 
are  conveniently  arranged  for  reference,  so  that  the  stu- 
dent can  save  the  labor  and  time  of  hunting  them  out  in 
the  Instruction  Papers. 

Volume  VI  contains  the  answers  to  the  questions  in  the 
Question  Papers. 

The  Instruction  Papers  are  written  from  a  practical 
standpoint,  and  contain  only  such  information  as  the  student 
requires  in  order  to  obtain  a  good  working  knowledge  of 
the  subjects  pertaining  to  Coal  Mining. 

In  order  that  the  student  may  make  rapid  progress,  we  do 
not  enter  into  speculative  discussions  of  different  subjects; 
neither  do  we  give  him  several  ways  of  arriving  at  the  same 
result,  for  this  tends  to  confuse  the  student  and  to  leave 
him  in  doubt  as  to  which  is  best  suited  to  his  purpose.  We 
give  him  the  best  or  most  suitable  rule,  formula,  or  method 
that  we  know  of,  without  mentioning  any  others.  In  short, 
the  Papers  are  written  for  practical  men,  and  all  the  difficul- 
ties encountered  by  a  student  studying  by  himself,  particu- 
larly those  which  are  due  to  a  definition  or  explanation  being 
too  technical,  abstract,  or  not  clear  enough  to  be  readily 
understood,  have  been  carefully  considered  and  overcome. 
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ARITHMETIC. 

(PART   1.) 


DEFINITIONS. 

1.  Aritlmietie  is  the  art  of  reckoning,  or  the  study  of 
numbers. 

2.  A  unit  is  oni\  or  a  single  thing,  as  oney  one  car,  one 
prop,  one  drill. 

3«  A  number  is  a  unit,  or  a  collection  of  units,  as  one^ 
three  rails,  five  wheels. 

4k.  The  unit  of  a  number  is  one  of  the  collection 
of  units  which  constitutes  the  number.  Thus,  the  unit  of 
twelve  is  one^  of  twenty  picks  is  one  pick. 

5.  A  concrete  number  is  a  number  applied  to  some 
particular  kind  of  object  or  quantity,  as  three  mules  five 
shovels^  ten  tons. 

6*  An  abstract  number  is  a  number  that  is  not  applied 
to  any  object  or  quantity,  as  three^  five,  ten. 

I.  Like  numbers  are  numbers  which  express  units  of 
the  same  kind^  as  six  drills  and  ten  drills^  two  feet  and 
five/^f^/. 

8.  Unlike  numbers  are  numbers  which  express  units 
of  different  kinds^  as  ten  rooms  and  eight  entries^  seven 
drivers  and  five  trappers. 

NOTATION  AND  NUMERATION. 

9.  Numbers  are  expressed  in  three  ways:  (1)  By  words; 
(2)  by  figures;  (3)  by  letters. 

10«  Notation  is  the  art  of  expressing  numbers  by  fig- 
ures or  letters. 

II.  Numeration  is  the  art  of  reading  the  numbers 
which  have  been  expressed  by  figures  or  letters. 
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2  ARITHMETIC.  §  1 

1 2«  The  AraMc  notation  is  the  method  of  expressing 
numbers  by  figures.  This  method  employs  ten  different 
fiffurett  to  represent  numbers,  viz.  : 

Figures        0         128456789 

naughty    one      two     three    four     five      six     seven  eight  nine 
Names        cipher^ 
or  *ero. 

The  first  character  (0)  is  called  nauslit,  ciptier,  or  sero, 

and,  when  standing  alone,  has  no  value. 

The  other  nine  figures  are  called  difirlts,  and  each  one 
has  a  value  of  its  own. 

Any  whole  number  is  called  an  Integer. 

13.  As  there  are  only  ten  figures  used  in  expressing 
numbers,  each  figure  must  express  a  different  value  at  dif- 
ferent times. 

1 4.  The  value  of  a  figure  depends  upon  its  position  in 
relation  to  others. 

15.  Figures  have  simple  values  and  local  or  relative 

values. 

16.  The  simple  value  of  a  figure  is  the  value  it  ex- 
presses when  standing  alone. 

17.  The  local  or  relative  value  is  the  increased  value 

it  expresses  by  having  other  figures  placed  on  its  right. 

For  instance,  if  we  see  the  figure  G  standing  alone, 
thus 6 

we  consider  it  as  six  units^  or  simply  six. 

Place  another  6  to  the  left  of  it;  thus 66 

The  original  figure  is  still  six  units,  but  the  second 

one  is  ten  times  6,  or  6  tens. 

If  a  third  6  be  now  placed  still  one  place  further  to 

the  lefty  it  is  increased  in  value  ten  times  more,  thus 

making  it  6  hundreds 666 

A  fourth  6  would  be  6  thousands 6666 

A  fifth  6  would  be  6  tens  of  thousands,  or  sixty 

thousand 66666 

A  sixth  6  would  be  G  hundreds  of  thousands  .     666666 

A  seventh  6  would  be  6  millions 6666666 

The  entire  line  of  seven  figures  is  read  six  millions,  six 

hundred  sixty-six  thousands ^  six  hundred  sixty-six. 
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18*  The  increased  value  of  each  of  these  figures  is  its 
local  or  relative  value.  Each  figure  is  ten  times  greater  in 
value  than  the  one  immediately  on  its  right, 

19«  The  clplier  (0)  has  no  value  itself,  but  it  is  useful  in 
determining  the  place  of  other  figures.  To  represent  the 
number  y!?«r  hundred  five  ^  two  digits  only  are  necessary,  one 
to  represent  four  hundred^  and  the  other  to  represent  five 
units;  but  if  these  two  digits  are  placed  together,  as  45,  the 
4  (being  in  the  second  place)  will  mean  4  tens.  To  mean  4 
hundreds^  the  4  should  have  two  figures  on  its  right,  and  a 
cipher  is  therefore  inserted  in  the  place  usually  given  to  tens, 
to  show  that  the  number  is  composed  of  hundreds  and  units 
only,  and  that  there  are  no  tens.  Four  hundred  five  is  there- 
fore expressed  as  405.  If  the  number  were  four  thousand 
and  five  ^  two  ciphers  would  be  inserted;  thus,  4006.  If  it 
were/bwr  hundred  fifty  ^  it  would  have  the  cipher  at  the  right- 
hand  side  to  show  that  there  were  no  units,  and  only  hun- 
dreds and  tens;  thus,  450.  Four  thousand  and  fifty  would  be 
expressed  4050,  the  first  cipher  indicating  that  there  are  no 
hundreds  and  the  second  that  there  are  no  units. 

Note. — When  speaking  of  the  figures  of  a  number  by  referring  to 
them  as  first  figure,  second  figure,  etc.,  always  begin  to  count  at  the 
left.  Thus,  in  the  number  41,625,  4  is  the  first  figure,  6  the  third 
figure,  5  the  fifth  or  last  figure,  etc. 

20.  In  reading  figures,  it  is  usual  to  point  off  the  num- 
ber into  groups  of  three  figures  each,  beginning  with  the 
right-hand  or  units  column,  a  comma  (,)  being  used  to 
point  off  these  groups. 
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In  pointing  off  these  figures,  begin  at  the  right-hand  figure 
and  count — units^  tenSy  hundreds ;  the  next  group  of  three 
figures  is  thousands^  therefore,  we  insert  a  comma  (,)  before 
beginning  with  them.  Beginning  at  the  figure  5,  we  say 
thousands^  tens  of  thousands^  hundreds  of  thousands^  and  in- 
sert another  comma ;  we  next  read  millions ^  tens  of  millions^ 
hundreds  of  millions^  and  insert  another  comma;  we  then 
road  billions^  tens  of  billions ^  hundreds  of  billions. 

The  entire  line  of  figures  would  be  read:  Four  hundred 
thirty-two  billions^  one  hundred  ninety-eight  millions^  seven 
hundred  sixty -five  tfiousands,  four  hundred  thirty -two.  When 
we  thus  read  a  line  of  figures  it  is  called  numeration,  and 
if  the  numeration  be  changed  back  to  figures^  it  is  called 
notation. 

For  instance,  the  writing  of  the  figures, 

72,584,623, 

would  be  the  notation,  and  the  numeration  would  be 

seventy -tivo  millions  ^  five  hundred  eighty -four  tlwusands^  six 

hundred  twenty-three. 

21  •  Note. — It  is  customary  to  leave  the  s  off  the  words  millions, 
thousands,  etc. ,  in  cases  like  the  above,  both  in  speaking  and  writing ; 
hence,  the  above  would  usually  be  expressed,  seventy-two  million,  five 
hundred  eighty-four  thousand,  six  hundred  twenty-three. 

22.  The  four  fundamental  processes  of  Arithmetic  are 
addition,  subtraction,  multiplication,  and  division. 

They  are  called  fundamental  processes,  because  all  opera- 
tions in  Arithmetic  are  based  upon  them. 


ADDITION. 

23.  Addition  is  the  process  of  finding  the  sum  of  two 

or  more  numbers.  The  sign  of  addition  is  -|-.  It  is  read 
plus^  and  means  more.  Thus,  5  +  ^  is  read  5  plus  6^  and 
means  that  5  and  6  are  to  be  added. 

24.  The  sign  of  equality  is  =.  It  is  rejjd  equals  or  is 
equal  to.     Thus,  5  +  G  =  11  may  be  read  5  phis  6  equals  11. 

25.  Like  numbers  can  be  added ;  unlike  numbers  can  not 
be  added.  Thus,  6  dollars  can  be  added  to  7  dollars  and  the 
sum  will  be  13  dollars,  but  C  dollars  can  not  be  added  to  7  feet. 
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26.     The  following  table  gives  the  sum  of  any  two  num- 
bers from  1  to  12 : 

TABLE    1. 


1  and    1  are    2 

2  and    1  are    3 

3  and    1  are    4 

4  and    1  are    5 

1  and    2  are    3 

2  and   2  are   4 

3  and   2  are   5 

4  and   2  are    6 

1  and    8  are   4 

2  and   3  are   5 

3  and    3  are    6 

4  and   3  are   7 

1  and   4  are    5 

2  and   4  are    6 

3  and   4  are  7 

4  and   4  are   8 

1  and    5  are    6 

2  and    5  are    7 

3  and    5  are   8 

4  and    6  are    9 

1  and    6  are    7 

2  and   6  are   8 

3  and    6  are    9 

4  and    6  are  10 

1  and    7  are    8 

2  and    7  are    9 

3  and    7  are  10 

4  and    7  are  11 

1  and   8  are    9 

2  and    8  are  10 

3  and    8  are  11 

4  and   8  are  12 

1  and    9  are  10 

2  and    9  are  11 

3  and    9  are  12 

4  and   9  are  13 

1  and  10  are  11 

2  and  10  are  12 

3  and  10  are  13 

4  and  10  are  14 

1  and  11  are  12 

2  and  11  are  13 

3  and  11  are  14 

4  and  11  are  15 

1  and  12  are  13 

2  and  12  are  14 

3  and  12  are  15 

4  and  12  are  16 

5  and    1  are    6 

6  and    1  are    7 

7  and    1  are    8 

8  and    1  are   9 

5  and    2  are   7 

6  and    2  are    8 

7  and    2  are    9 

8  and    2  are  10 

5  and    3  are    8 

6  and    3  are    9 

7  and    3  are  10 

8  and   3  are  11 

5  and   4  are   9 

6  and    4  are  10 

7  and    4  are  11 

8  and   4  are  12 

5  and    5  are  10 

6  and    5  are  11 

7  and    5  are  12 

8  and   5  are  13 

5  and    6  are  11 

6  and    6  are  12 

7  and    6  are  13 

8  and    6  are  14 

5  and    7  are  12 

6  and    7  are  13 

7  and    7  are  14 

8  and    7  are  15 

5  and   8  are  13 

6  and    8  are  14 

7  and    8  are  15 

8  and    8  are  16 

5  and   9  are  14 

6  and    9  are  15 

7  and    9  are  16 

8  and   9  are  17 

5  and  10  are  15 

6  and  10  are  16 

7  and  10  are  17 

8  and  10  are  18 

5  and  11  are  16 

6  and  11  are  17 

7  and  11  are  18 

8  and  11  are  19 

6  and  12  are  17 

6  and  12  are  18 

7  and  12  are  19 

8  and  12  are  20 

9  and    1  are  10 

10  and    1  are  11 

11  and    1  are  12 

12  and    1  are  13 

9  and   2  are  11 

10  and    2  are  12 

11  and    2  are  13 

12  and    2  are  14 

9  and    3  are  12 

10  and    3  are  13 

11  and    3  are  14 

12  and    3  are  15 

9  and    4  are  13 

10  and    4  are  14 

11  and   4  are  15 

12  and    4  are  16 

9  and    5  are  14 

10  and    5  are  15 

11  and    5  are  16 

12  and    5  are  17 

9  and    6  are  15 

10  and    6  are  16 

11  and    6  are  17 

12  and    6  are  18 

9  and    7  are  16 

10  and    7  are  17 

Hand    7 are  18 

12  and    7  are  19 

9  and   8  are  17 

10  and    8  are  18 

11  and    8  are  19 

12  and   8  are  20 

9  and   9  are  18 

10  and    9  are  19 

11  and    9  are  20 

12  and   9  are  21 

9  and  10  are  19 

10  and  10  are  20 

11  and  10  are  21 

12  and  10  are  22 

9  and  11  are  20 

10  and  11  are  21 

11  and  11  are  22 

12  and  11  are  23 

9  and  12  are  21 

10  and  12  are  22 

11  and  12  are  23 

12  and  12  are  24 

This  table  should  be  carefully  committed  to  memory.  Since  0  has 
no  value,  the  sum  of  any  number  and  0  is  the  number  itself;  thus,  17 
and  0  are  17. 

27.  For  additioUy  place  the  numbers  to  be  added  directly 
under  each  other,  taking  care  to  place  units  under  Mnits^  tens 
under  tenSy  hundreds  under  hundreds^  and  so  on. 

When  the  numbers  are  thus  written,  the  right-hand  figure 
of  one  number  is  placed  directly  under  the  right-hand  figure 
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of  the  number  above  it^  thus  bringing  the  unit  figures  of  all 
the  numbers  to  be  added  in  the  same  vertical  line.  Proceed 
as  in  the  following  examples: 

28*     ExAXPLB.— What  is  the  sum  of  181,  222,  21,  2,  and  418  ? 

Solution.^  181 

222 

21 

2 

413 


sum    7  8  9    Ans. 

Explanation. — After  placing  the  numbers  in  proper 
order,  begin  at  the  bottom  of  the  right-hand  or  units 
column,  and  add,  mentally  repeating  the  different  sums. 
Thus,  three  and  two  are  five  and  one  are  six  and  two  are 
eight  and  one  are  nine,  the  sum  of  the  numbers  in  units 
column.  Place  the  9  directly  beneath  as  the  first  or  units 
figure  in  the  sum. 

The  sum  of  the  numbers  in  the  next  or  tens  column  equals 
8  tens^  which  is  the  second  or  tens  figure  in  the  sum. 

The  sum  of  the  numbers  in  the  next  or  hundreds  column 
equals  7  hundreds^  which  is  the  third  or  hundreds  figure  in 
the  sum. 

The  sum  or  answer  is  789. 

29.     Example.— What  is  the  sum  of  425.  36,  9,215,  4,  and  907  ? 

Solution.—  4  2  5 

86 

9215 

4 

907 


27 

60 

1500 

9000 


sum    10  5  8  7    Ans. 
Explanation.^ — The  sum  of   the  numbers  in  the  first  or 
units  column  is  seven  and  four  are  eleven  and  five  are  six- 
teen and  six  are  twenty-two  and  five  are  twenty-seven,  or 
27  units;  i.  e.,  two  tens  and  seven  units.  Write  27  as  shown. 
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The  sum  of  the  numbers  in  the  second  or  tens  column  is 
six  tens,  or  60.  Write  60  underneath  27  as  shown.  The 
sum  of  the  numbers  in  the  third  or  hundreds  column  is  16 
hundreds,  or  1,600.  Write  1,500  under  the  two  preceding 
results  as  shown.  There  is  only  one  number  in  the  fourth 
or  thousands  column,  9,  which  represents  9,000.  Write 
9,000  under  the  three  preceding  results.  Adding  these  four 
results,  the  sum  is  10,687,  which  is  the  sum  of  426,  36, 
9,216,  4,  and  907. 

Note. — It  frequently  happens,  when  adding  a  long  column  of  fig- 
ures, that  the  sum  of  two  numbers,  one  of  which  does  not  occur  in  the 
addition  table,  is  recjuired.  Thus,  in  the  first  column  above,  the  sum  of 
16  and  6  was  required.  We  know  from  the  table  that  6  +  6  =  12; 
hence,  the  first  figure  of  the  sum  is  2.  Now,  the  sum  of  any  number  less 
than  20  and  of  any  number  less  than  10  must  be  less  than  80,  since 
20  +  10  =  80 ;  therefore,  the  sum  is  22.  Consequently,  in  cases  of  this 
kind,  add  the  first  figure  of  the  larger  number  to  the  smaller  number, 
and,  if  the  result  is  greater  than  9,  increase  the  second  figure  of  the  larger 
number  by  1.     Thus,  44  +  7  =  ?    4  +  7  =  11;  hence,  44  +  7  =  51. 

30»    The  addition  may  also  be  performed  as  follows: 

426 

86 

9215 

4 

907 


sum  lObSl    Ans. 

Explanation. — The  sum  of  the  numbers  in  units  column 
is  27  units,  or  2  tens  and  7  units.  Write  the  7  units  as  the 
first  or  right-hand  figure  in  the  sum.  Reserve  the  two  tens 
and  add  them  to  the  figures  in  tens  column.  The  sum  of 
the  figures  in  the  tens  column  plus  the  2  tens  reserved  and 
carried  from  the  units  column  is  8,  which  is  written  down 
as  the  second  figure  in  the  sum.  There  is  nothing  to  carry 
to  the  next  column,  because  8  is  less  than  10.  The  sum  of 
the  numbers  in  the  next  column  is  15  hundreds,  or  1  thou- 
sand and  5  hundreds.  Write  down  the  5  as  the  third  or 
hundreds  figure  in  the  sum  and  carry  the  1  to  the  next 
column.  1  +  9  =  10,  which  is  written  down  at  the  left  of 
the  other  figures. 

The  second  method  saves  space  and  figures,  but  the  first 
jis  to  be  preferred  when  adding  a  long  column. 
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31  •     Example. — Add  the  numbers  in  the  column  below: 

Solution.—  890 

82 

00 
803 
281 

80 
770 

88 
492 

80 
888 

84 
191 


sum    8899    Ans. 

Explanation.— The  sum  of  the  digits  in  the  first  column 
equals  19  units,  or  1  ten  and  9  units.  Write  down  the  9  and 
carry  1  to  the  next  column.  The  sum  of  the  digits  in  the 
second  column  -[- 1  is  109  tens,  or  10  hundreds  and  9  tens. 
Write  down  the  9  and  carry  the  10  to  the  next  column.  The 
sum  of  the  digits  in  this  column  plus  the  10  reserved  is  38. 

The  entire  sum  is  3,899.     Ans. 

32.  Rule. — I.  Begin  at  the  rights  add  each  column 
separately,  and  write  the  sum,  if  it  be  only  one  figure,  under 
the  column  added. 

II.  If  the  sum  of  any  column  consists  of  two  or  more  fig- 
ures, put  the  right-hand  figure  of  the  sum  under  that  column, 
and  add  the  remaining  figure  or  figures  to  the  next  column. 

33,  Proof. — To  prove  addition,  add  each  column  from 
top  to  bottom.  If  you  obtain  the  same  result  as  by  adding 
from  bottom  to  top,  the  work  is  probably  correct. 


BXAMPLBS  FOR  PRACXICB. 


34*     Find  the  sum  of 

{d)  104  +  203  +  613  -h  214. 

{b)  1,875  +  3.143  +  5.826  +  10,882.  ^^    .  yy) 

(r)  4,865  +  2,145  +  8.178  +  40,084.  1  {c) 

(d)  14,204  +  8.178  +  1,065  +  10,042.  t  {d, 


{a)  1,134. 
{b)  21,676. 
55,267. 
{d)  88,484. 
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(e)     10.832  +  4,145  +  8,133  +  5.873. 


{e)   28.882. 


(/)  214  +  1,281  +  141  +  5.000.  J  (/)  6.586. 

(^)  123  4- 104  H- 425  +  126  +  327.         ^"®-  ^ 


(yl)    6.354  +  2,146  4-2.042+1.1114-3,388. 


U)  1.105. 
(A)  14,985. 


1.  If  mine  No.  6  produced  7,018  tons  in  the  first  week  in  January, 
7,236  tons  in  the  second  week,  6,348  tons  in  the  third  week,  and  2,543 
tons  in  the  fourth  week,  how  many  tons  were  produced  in  the  entire 
month?  Ans.  23,145  tons. 

2.  A  company  received  during  one  month  384  R.  R.  cars  for  mine 
No.  3,  785  R.  R.  cars  for  mine  No.  8,  and  1,056  R.  R.  cars  for  mine 
No.  11.     What  was  the  entire  allowance  for  the  month  ? 

Ans.  2,225  R.  R.  cars. 

3.  A  week's  record  of  coal  burned  in  an  engine  room  is  as  follows: 
Monday,  1,800  pounds;  Tuesday,  1,655  pounds;  Wednesday,  1,725 
pounds;  Thursday,  1,690  pounds;  Friday,  1,648  pounds;  Saturday, 
1,020  pounds.    How  much  coal  was  burned  during  the  week  ? 

Ans.  9,538  pounds. 


SUBTRACTION. 

35.  In  Arithmetic,  subtraction  is  the  process  of  find- 
ing how  much  greater  one  number  is  than  another. 

The  greater  of  the  two  numbers  is  called  the  minuend. 
The  smaller  of  the  two  numbers  is  called  the  subtraliend. 
The  number  left  after  subtracting  the  subtrahend  from  the 
minuend  is  called  the  difference  or  remainder. 

36.  The  sign  of  subtraction  is  — .  It  is  read  minus, 
and  means  /ess.  Thus,  12  —  7  is  read  12  minus  7,  and  means 
that  7  is  to  be  taken  from  12. 

37.  Example.— From  7,568  take  3.425. 

Solution. —  minuend  7568  , 

subtrahend  3425 


remainder  4143    Ans. 

Explanation. — Begin  at  the  right-hand  or  units  column 
gind  subtract  in  succession  each  figure  in  the  subtrahend  from 
the  one  directly  above  it  in  the  minuend,  and  write  the  re- 
mainders below  the  line.    The  result  is  the  entire  remainder. 
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38.  When  there  are  more  figures  in  the  minuend  than  in 
the  subtrahend^  and  when  some  figures  in  the  minuend  are 
less  than  the  figures  directly  under  them  in  the  subtrahend, 
proceed  as  in  the  following  example : 

Example.— Prom  8,458  take  844. 

Solution. —  minuend  8453 

subtrahend    844 


remainder  7609    Ans. 

Explanation. — Begin  to  subtract  at  the  right-hand  or 
units  column.  We  can  not  take  4  from  3,  and  must,  therefore, 
borrow  1  from  5  in  tens  column  and  annex  it  to  the  3  in 
units  column.  The  1  ten  =  10  units^  which  added  to  the  3 
in  units  column  =  13  units.  4  from  13  =  9,  the  first  or  units 
figure  in  the  remainder. 

Since  we  borrowed  1  from  the  6,  only  4  remains;  4  from 
4  =  0,  the  second  or  tens  figure.  We  can  not  take  8  from  4, 
and  must,  therefore,  borrow  1  from  8  in  thousands  column. 
Since  1  thousand  ■=  10  hundreds^  10  hundreds  +  A:  hundreds  = 
14  hundreds^  and  8  from  14  =  6,  the  third  or  hundreds  figure 
in  the  remainder. 

Since  we  borrowed  1  from  8,  only  7  remains,  from  which 
there  is  nothing  to  subtract ;  therefore,  7  is  the  next  figure 
in  the  remainder  or  answer. 

The  operation  of  borrowing  is  performed  by  mentally 
placing  1  before  the  figure  following  the  one  from  which  it 
is  borrowed.  In  the  above  example  the  1  borrowed  from 
6  is  placed  before  3,  making  it  13,  from  which  we  subtract  4. 
The  1  borrowed  from  8  is  placed  before  4,  making  14,  from 
which  8  is  taken. 

39*     Example. — Find  the  difference  between  10,000  and  8,768. 

Solution. —  minuend  10000 

subtrahend     8763 


remainder     123  7    Ans. 

Explanation. — In  the  above  example  we  borrow  1  from 
the  second  column  and  place  it  before  0,  making  10 ;  3  from 
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10  =  7.  In  the  same  way  we  borrow  1  and  place  it  before 
the  next  cipher,  making  10 ;  but  as  we  have  borrowed  1  from 
this  column  and  have  taken  it  to  the  units  column,  only  9 
remains,  from  which  to  subtract  6 ;  6  from  9  =  3.  For  the 
same  reason  we  subtract  7  from  9  and  8  from  9  for  the  next 
two  figures,  and  obtain  a  total  remainder  of  1,237. 

40.  Rule. — Place  the  subtrahend  {or  smaller  number) 
under  the  minuend  or  larger  number^  in  the  same  manner  as 
for  addition  y  and  proceed  as  in  Arts.  37 ^  3Sf  and  39. 

41.  Proof. — To  prove  an  example  in  subtraction^  add 
the  remainder  to  the  subtrahend.  The  sum  should  equal  the 
minuend.  If  it  does  noty  a  mistake  has  been  inade^  and  the 
work  should  be  done  over. 

Proof  of  the  above  example : 

subtrahend  87  63 
remainder   1287 


minuend  10000    Ans. 


BXAMPL.B8  FOR  PRACTICB. 


42«     From 


{a)  94,278  take  62,574. 

{p)  58,714  Uke  25,824. 

if)  71,882  take  58,109. 

{d)  20,804  take  10,408. 

{e)  810,465  take  102,141. 

if)  (81,048  +  1,041)  Uke  14,881. 

(g)  (20,482  +  18,216)  Uke  21,214. 

(k)  (2,040  + 1,218  +  542)  take  8.791. 


Ans. 


{a)  81,704. 
{p)  27,890. 
(r)  13,728. 
{d)  10,896. 
(e)  208,824. 
(/)  67,258. 
(^)  17,484. 
(^)4. 


1.  The  total  weight  of  a  mine  car  loaded  with  coal  is  4,826  pounds, 
and  the  empty  car  weighs  1,564  pounds.  What  is  the  weight  of  the 
coal?  Ans.  2,7621b. 

3.  The  output  of  a  mine  is  28,586  tons  per  month,  of  which  2,178 
tons  are  taken  for  royalty.  How  many  tons  per  month  are  left  for  the 
operator  ?  Ans.  21,408  tons. 
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'  8.    Two  mines  shipped  250,860  tons  of  coal  in  one  year;  one  shipped 
86,782  tons.    How  many  tons  did  the  other  ship  ?       Ans.  164,128  tons. 

4.  An  entire  mine  produced  21,600  tons  of  coal  in  a  month.  The 
east  and  west  sections  furnished  10,680  tons,  and  the  north  section 
4,882  tons.     How  many  tons  did  the  south  section  furnish  ? 

Ans.  6,588  tons. 

6.  The  total  cost  of  erecting  steam  plant  was  $2,675.  The  engine 
cost  $900;  the  boiler,  $775;  the  fittings  and  connections,  $225.  The 
remainder  was  expended  in  erecting  the  engine  house.  What  was  the 
cost  of  the  engine  house  ?  Ans.  $775. 


MULTIPLICATION. 

43.  To  multiply  a  number  is  to  add  it  to  itself  a  cer- 
tain number  of  times. 

44.  Multiplication  is  the  process  of  multiplying  one 
number  by  another. 

The  number  thus  added  to  itself,  or  the  number  to  be 
multiplied,  is  called  the  multiplicand. 

The  number  which  shows  how  many  times  the  multipli- 
cand is  to  be  taken,  or  the  number  by  which  we  multiply^  is 
called  the  multiplier. 

The  result  obtained  by  multiplying  is  called  the  product* 

45.  The  sign  of  multiplication  is  X .  It  is  read  times 
or  multiplied  by.  Thus,  9  X  6  is  read  9  times  6,  or  9  multi- 
plied by  6, 

46.  It  matters  not  in  what  order  the  numbers  to  be 
multiplied  together  are  placed.  Thus,  6  X  9  is  the  same  as 
9X6. 

47.  In  the  following  table,  the  product  of  any  two  num- 
bers (neither  of  which  exceeds  12)  may  be  found : 
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TABLE   2. 


1  times   1  is 

1 

2  times    1  are 

2 

8  times    1  are 

8 

1  times   2  are 

2 

2  times    2  are 

4 

8  times    2  are 

6 

1  times   8  are 

8 

2  times    8  are 

6 

8  times    8  are 

9 

1  times   4  are 

4 

2  times   4  are 

8 

8  times   4  are 

12 

1  times   5  are 

5 

2  times    5  are 

10 

8  times   5  are 

16 

1  times   6  are 

6 

2  times    6  are 

12 

8  times   6  are 

18 

1  times   7  are 

7 

2  times    7  are 

14 

8  times    7  are 

21 

1  times   8  are 

8 

2  times   8  are 

16 

8  times    8  are 

24 

1  times    9  are 

9 

2  times    9  are 

18 

8  times    9  are 

27 

1  times  10  are 

10 

2  times  10  are 

20 

8  times  10  are 

80 

1  times  11  are. 

11 

2  times  11  are 

22 

8  times  11  are 

88 

1  times  12  are 

12 

2  times  12  are 

24 

8  times  12  are 

86 

4  times    1  are 

4 

5  times    1  are 

5 

6  times    1  are 

6 

4  times   2  are 

8 

5  times    2  are 

10 

6  times    2  are 

12 

4  times    8  are 

12 

5  times    8  are 

15 

6  times    8  are 

18 

4  times   4  are 

16 

5  times   4  are 

20 

6  times   4  are 

24 

4  times   5  are 

20 

5  times   5  are 

25 

6  times    5  are 

80 

4  times   6  are 

24 

5  times    6  are 

80 

6  times    6  are 

86 

4  times   7  are 

28 

5  times    7  are 

85 

6  times    7  are 

42 

4  times   8  are 

82 

5  times    8  are 

40 

6  times    8  are 

48 

4  times   9  are 

86 

5  times    9  are 

45 

6  times    9  are 

54 

4  times  10  are 

40 

5  times  10  are 

50 

6  times  10  are 

60 

4  times  11  are 

44 

5  times  11  are 

55 

6  times  11  are 

66 

4  times  12  are 

48 

5  times  12  are 

60 

6  times  12  are 

72 

7  times   1  are 

7 

8  times    1  are 

8 

9  times    1  are 

9 

7  times   2  are 

14 

8  times   2  are 

16 

9  times   2  are 

18 

7  times   8  are 

21 

8  times   8  are 

24 

9  times   8  are 

27 

7  times   4  are 

28 

8  times   4  are 

82 

9  times    4  are 

86 

7  times   5  are 

85 

8  times   5  are 

40 

9  times    5  are 

45 

7  times   6  are 

42 

8  times   6  are 

48 

9  times    6  are 

54 

7  times   7  are 

49 

8  times    7  are 

56 

9  times    7  are 

68 

7  times   8  are 

56 

8  times    8  are 

64 

9  times   8  are 

72 

7  times   9  are 

63 

8  times   9  are 

72 

9  times    9  are 

81 

7  times  10  are 

70 

8  times  10  are 

80 

9  times  10  are 

90 

7  times  11  are 

77 

8  times  11  are 

88 

9  times  11  are 

99 

7  times  12  are 

84 

8  times  12  are 

96 

9  times  12  are 

108 

10  times    1  are 

10 

11  times    1  are 

11 

12  times    1  are 

12 

10  times   2  are 

20 

11  times   2  are 

22 

12  times    2  are 

24 

10  times   8  are 

80 

11  times   8  are 

88 

12  times   8  are 

86 

10  times   4  are 

40 

11  times   4  are 

44 

12  times   4  are 

48 

10  times   5  are 

50 

11  times   5  are 

55 

12  times   5  are 

60 

10  times   6  are 

60 

11  times    6  are 

66 

12  times   6  are 

72 

10  times   7  are 

70 

11  times   7  are 

77 

12  times    7  are 

84 

10  times   8  are 

80 

11  times   8  are 

88 

12  times   8  are 

96 

10  times    9  are 

90 

11  times   9  are 

99 

12  times    9  are 

108 

10  times  10  are 

100 

1 1  times  10  are 

110 

12  times  10  are 

120 

10  times  11  are 

110 

11  times  11  are 

121 

12  times  11  are 

182 

10  times  12  are 

120 

11  times  12  are 

132 

12  times  12  are 

144 

This  table  should  be  carefully  committed  to  memory. 
Since  0  has  no  value,  the  product  of  0  and  any  number  is  0. 
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48*     To  multiply  a  number  by  one  figure  only : 

Example. — Multiply  425  by  5. 

Solution. —          multiplicand  425 

multiplier  5 

product  2125    Ans. 

Explanation. — For  convenience,  the  multiplier  is  gener- 
ally written  under  the  right-hand  figure  of  the  multiplicand. 
On  looking  in  the  multiplication  table,  we  see  that  5x5  are  25. 
Multiplying  the  first  figure  at  the  right  of  the  multiplicand^ 
or  5,  by  the  multiplier  5,  it  is  seen  that  5  times  5  units  are  25 
units,  or  %  tens  and  5  units.  Write  the  6  units  in  units  place 
in  the  product^  and  reserve  the  2  tens  to  add  to  the  product  of 
tens.  Looking  in  the  multiplication  table  again,  we  see  that 
5x2  are  10.  Multiplying  the  second  figure  of  the  multipli- 
cand by  the  multiplier  5,  we  see  that  5  times  2  tens  are  10 
tens,  and  10  tens  plus  the  2  tens  reserved,  are  12  tens,  or  1 
hundred  plus  2  tens.  Write  the  2  tens  in  tens  place,  and 
reserve  the  100  to  add  to  the  product  of  hundreds.  Again, 
we  see  by  the  multiplication  table  that  5x4  are  20.  Multi- 
plying the  third  or  last  figure  of  the  multiplicand  by  the 
multiplier  5,  we  see  that  5  times  4  hundreds  are  20  hundreds, 
and  20  hundreds  plus  the  1  hundred  reserved,  are  21  hun- 
dreds, or  2  thousands  plus  1  hundred,  which  we  write  in 
thousands  and  hundreds  places,  respectively. 

Hence,  the  product  is  2, 125. 

This  result  is  the  same  as  adding  425  five  times.     Thus, 

425 
425 
425 
425 
425 


sum    2125  Ans. 


BXAMPLES  FOR  PRACTICB. 

4|9*    Find  the  product  of 

(a)  61,483x6.  [{a)  368,808. 

(b)  12.375  X  5.  J  {p)  61,875. 

(c)  10.426x7.                                                   |W  72.982. 
(^)    10,885X8.                                                   \{d)  32.505. 
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(e)     98,876  X  4 
(/)    10,878X8. 


(e)  898,504. 
(/)    88,984. 


(^)    71,648  X  9.  ^'^'  ]  {g)  648,887. 

{h)  218,784  X  2.  [  {h)  487,468. 

1.  If  two  men  can  drive  a  heading  5  feet  in  one  day,  how  far  can 
they  drive  it  in  889  days  ?  Ans.  1,946  ft. 

2.  If  a  string  team  can  haul  8  cars  a  trip,  how  many  cars  can  it  haul 
in  169  trips  ?  Ans.  1,852  cars. 

8.  A  stationary  engine  makes  5,620  revolutions  per  hour.  Running 
9  hours  a  4ay,  6  days  in  the  week,  and  6  hours  on  Saturday,  how  many 
revolutions  would  it  make  in  4  weeks  ?  Ans.  1,104,000  revolutions. 

50*     To  multiply  a  number  by  t^ro  or  more  fiff- 


ExAMPLB.— Multiply  476  by  284. 

Solution. —     multiplicand        476 

multiplier         284 

1900 
1426 
960 


product  \\\\h(>    Ana. 

Explanation. — For  convenience,  the  multiplier  is  gener- 
ally written  under  the  multiplicand,  placing  units  under 
units,  tens  under  tens,  etc. 

We  can  not  multiply  by  234  at  one  operation ;  we  must, 
therefore,  multiply  by  the  parts  and  then  add  the  partial 
products. 

The  parts  by  which  we  are  to  multiply  are  4  units,  3  tens, 
and  2  hundreds.  4  times  475  =  1,900,  the  first  partial  prod- 
uct; 3  times  475  =  1,426,  the  second  partial  product,  the 
right-hand  figure  of  which  is  written  directly  under  the  fig- 
ure multiplied  by^  or  3 ;  2  times  475  =  950,  the  third  partial 
product,  the  right-hand  figure  of  which  is  written  directly 
under  the  figure  multiplied  by,  or  2. 

The  sum  of  these  three  partial  products  is  111,160,  which 
is  the  entire  product, 

51.  Rule. — I.  Write  the  multiplier  under  the  multipli- 
candy  so  that  units  are  under  units^  tens  under  tens^  etc. 
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II.  Begin  at  the  right  and  multiply  each  figure  of  the  multi- 
plicand by  each  successive  figure  of  the  multiplier^  placing  the 
right-hand  figure  of  each  partial  product  directly  under  the 
figure  used  as  a  multiplier, 

III.  The  sum  of  the  partial  products  will  equal  the  required 
product. 

52.  Proof. — Review  the  work  carefully^  or  multiply  the 
multiplier  by  the  multiplicand;  if  the  results  agree ^  the  work 
is  correct. 

53«  When  there  is  a  cipfier  in  the  multiplier^  multiply 
the  entire  multiplicand  by  it ;  since  the  result  will  be  zero, 
place  a  cipher  under  the  cipher  in  the  multiplier.     Thus, 

{a)  {b)  (c)  (d) 

0  2  15  708 

XO  XO  X    0  X      0 

0    Ans.        0    Ans.  0    Ans.  0    Ans. 

8114  4008  81264 

203  805  1002 


9842  20040  62528 

62280  120240  8126400 


682142    Ans.         1222440    Ans.        81326528    Ans. 

In  examples  (^),  (/),  and  (^),  we  multiply  by  0  as  direct- 
ed above;  then  multiply  by  the  next  figure  of  the  multiplier 
and  place  the  first  figure  of  the  product  alongside  the  0,  as 
shown. 


BXAMPL.B8  FOR  PRACTICB. 

54.  Find  the  product  of 

{a)  8.842  X  26. 

(b)  8,716  X  45. 

{c)  1.817X124.  . 

{d)  675x88. 

{e)  1,875  X  88. 

if)  4,886X47. 


{a)  99,892. 

(b)  167,220. 

{c)  225,308. 

(d)  25,650. 

(e)  61.875. 
if)  227.292. 
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(g)  5,682X548. 

(>l)  8.257  X  246. 

(/)  2,875  X  302. 

ij)  17,819  X  1.004. 

(k)  88.674  X  205.  Ans.  ^ 

(/)  18,304  X  100. 

{m)  7,884  X  10. 

(«)  87,548  X  1.000. 

ip)  48,763  X  100. 

1.  If  two  miners  can  dig  12  tons  of  coal  in  one  day,  how  many  tons 
can  they  dig  in  18  days  ?  Ans.  216  tons. 

2.  If  it  requires  18  mine  cars  to  load  one  R.  R.  car,  how  many  mine 
cars  will  be  required  to  fill  2,437  R.  R.  cars  ?        Ans.  48,866  mine  cars. 

8.    The  output  of  a  mine  is  1,286  tons  per  day;  what  is  its  output 
for  a  month  of  26  days  ?  Ans.  82,186  tons. 

4    A  Stanley  header  drives  86  feet  of  entry  in  one  day.   How  many 
feet  of  entry  will  it  drive  in  289  days  ?  Ans.  10,404  ft. 


{{g) 

8,0e6,82«. 

(>») 

801,222. 

('■) 

868,250. 

ij) 

17,890,276 

(i) 

7,928,170. 

(/) 

1,890,400. 

(m) 

78,840. 

(») 

87,648,000. 

U") 

4,876,800. 

DIVISION. 

55.  Division  is  the  process  of  finding  how  many  times 
one  number  is  contained  in  another  of  the  same  kind. 

The  number  to  be  divided  is  called  the  dividend. 
The  number  by  which  we  divide  is  called  the  divisor. 
The  number  which  shows  how  many  times  the  divisor  is 
contained  in  the  dividend  is  called  the  quotient. 

56.  The  sign  of  division  is  -r-.     It  is  read  divided  by, 

54  -f-  9  is  read  5^  divided  by  9,     Another  way  to  write  54 

54  54 

divided  by  9  is  ^.     Thus,  54  -^  9  =  6,  or  ^  =  6. 

9  9 

In  both  of  these  cases  54  is  the  dividend,  and  9  is  the 

divisor. 

Division  is  the  reverse  of  multiplication. 

57*     To  divide  "wlien  the  divisor  consists  of  but 
one  figure,  proceed  as  in  the  following  example : 
EXAMPLB.— What  is  the  quotient  of  875  -«-  7  ? 
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Solution — 

divisor  dividmd  qvotient 

7)875(125    Ans. 

7 

17 
14 

85 
85 

remainder       0 

Explanation. — 7  is  contained  in  8  hundreds  1  hundred 
times.  Place  the  one  as  the  first  or  left-hand  figure  of  the 
quotient.  Multiply  the  divisor  7  by  the  1  hundred  of  the 
quotient,  and  place  the  product  7  hundreds  under  the  8 
hundreds  in  the  dividend,  and  subtract.  Beside  the  remain- 
der 1,  bring  down  the  next  or  tens  figure  of  the  quotient, 
in  this  case  7,  making  17  tens ;  7  is  contained  in  17,  2  times. 
Write  the  2  as  the  second  figure  of  the  quotient.  Multiply 
the  divisor  7  by  the  2  in  the  quotient,  and  subtract  the 
product  from  17.  Beside  the  remainder  3,  bring  down  the 
next  or  units  figure  of  the  dividend,  in  this  case  5,  making 
35  units,  7  is  contained  in  35,  5  times,  which  is  placed  in 
the  quotient.  Multiplying  the  divisor  by  the  last  figure  of 
the  quotient,  5  times  7  =  35,  which  subtracted  from  35, 
under  which  it  is  placed,  leaves  0.  Therefore,  the  quotient 
is  125.     This  method  is  called  Ions  division. 

58.  In  aliort  division,  only  the  divisor,  dividend,  and 
quotient  are  written,  the  operations  being  performed  men- 
tally. 

dividend 
divisor    7  )  8  '  7 »  5 

quotient  12    5    Ans. 

The  mental  operation  is  as  follows :  7  is  contained  in  8, 
once  and  one  remainder ;  imagine  1  to  be  placed  before  7 
making  17;  7  is  contained  in  17,  2  times  and  3  over; 
imagine  3  to  be  placed  before  5  making  35 ;  7  is  contained 
in  35,  5  times.  These  partial  quotients,  placed  in  order  as 
they  are  found,  make  the  entire  quotient  125. 
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The  small  figures  are  placed  in  the  example  given  to  better 
illustrate  the  explanation;  they  are  never  written  when 
actually  performing  division  in  this  way. 

59.  If  the  divisor  consists  of  two  or  more  figures,  proceed 
as  in  the  following  example : 

ExAMPLB.— Divide  2,702,826  by  63. 

divisor         dividend  quotient 

Solution.—  68)2702826(42902    Ans. 

252 


182 
126 

568 
567 


126 
126 


Explanation. — As  63  is  not  contained  in  the  first  two  fig- 
ures, 27,  we  must  use  the  first  three  figures,  270.  Now,  by 
trial,  we  must  find  how  many  times  63  is  contained  in  270 ; 
6  is  contained  in  the  first  two  figures  of  270,  4  times.  Place 
the  4  as  the  first  or  left-hand  figure  in  the  quotient.  Multi- 
ply the  divisor  63  by  4,  and  subtract  the  product  252  from 
270.  The  remainder  is  18,  beside  which  we  write  the  next 
figure  of  the  dividend,  2,  making  182.  Now,  6  is  contained 
in  the  first  two  figures  of  182,  3  times,  but  on  multiplying 
63  by  3,  we  see  that  the  product  189  is  too  great,  so  we  try 
2  as  the  second  figure  of  the  quotient.  Multiplying  the 
divisor  63  by  2,  and  subtracting  the  product  126  from  182, 
the  remainder  is  56,  beside  which  we  bring  down  the  next 
figure  of  the  dividend,  making  568;  6  is  contained  in  56 
about  9  times.  Multiply  the  divisor  63  by  9  and  subtract 
the  product  567  from  568.  The  remainder  is  1,  and  bringing 
down  the  next  figure  of  the  dividend,  2,  gives  12.  As  12  is 
smaller  than  63,  we  write  0  in  the  quotient  and  bring  down 
the  next  figure,  6,  making  126.     63  is  contained  in  126,  2 
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times  without  a  remainder.     Therefore,  42,902  is  the  quo- 
tient. 

©0«  Rule. — I.  Write  the  divisor  at  the  left  of  the  divi- 
dendy  with  a  line  between  them. 

II.  Find  how  many  times  the  divisor  is  contained  in  the 
lowest  number  of  the  left-hand  figures  of  the  dividend  that 
will  contain  it,  and  write  the  result  at  the  right  of  the 
dividend,  with  a  line  between,  for  the  first  figure  of  the 
quotient, 

III.  Multiply  the  divisor  by  this  quotient;  write  the  product 
under  the  partial  dividend  used^  and  subtract,  annexing  to  the 
remainder  the  next  figure  of  the  dividend.  Divide  as  before, 
and  thus  continue  until  all  the  figures  of  the  dividend  have 
been  used, 

IV.  If  any  partial  dividend  will  not  contain  the  divisor, 
write  a  ciplur  in  the  quotient,  annex  the  fiext  figure  of  the 
dividend,  and  proceed  as  before, 

V.  If  there  be  a  remainder  at  last,  write  it  after  the  quo- 
tient, with  the  divisor  underneath, 

61.  Proof. — Multiply  the  quotient  by  the  divisor,  and 
add  the  remainder,  if  there  be  any,  to  the  product.  The  re- 
sult will  be  the  dividend, 

divisor  dividend   quotient 

Thus,  68)4235(67H    Ans. 

378 


456 
441 


remainder  1 4 

Proof,  quotient  6  7 

divisor  6  8 


201 
402 

422I 
remainder  1 4 

dividend     4236 
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BXAMPL.B8  FOR  PRACTICB. 

62«     Divide  the  following: 

(a)  126.496  by  58. 

(d)  3,207,6W  by  767. 

(c)  11,408.202  by  284 

(//)  2,100,815  by  581. 

{<?)  969.936  by  4,008.  Ans.- 

(/)  7.481,888  by  1,021. 

(£-)  1.525.915  by  5.008. 

(A)  1.646.801  by  881. 

(0  1.486.968  by  871. 


(a)  2.181. 
(^)  4.182. 
(r)  48,753. 
(d)  3.615. 
(if)  242. 
(/)  7,328. 
U)  805. 
(A)   4.321. 
(/)    4.008.. 


1.  At  a  certain  mine  there  were  1.674  tons  of  coal  loaded  in  one 
day.  How  many  mine  cars  must  have  been  dumped  if  each  held  2 
tons  ?  Ans.  837  cars. 

2.  If  one  miner  can  dig  6  tons  of  coal  in  one  day.  how  many  miners 
will  be  required  to  dig  1,326  tons  in  one  day  ?  Ans.  221  miners. 

8.  There  were  2.344  tons  of  coal  loaded  at  a  mine  in  one  day.  If 
1.172  cars  were  required  to  load  this  coal,  how  many  tons  were  put  in 
each  car  ?  Ans.  2  tons. 

4  How  many  R.  R.  cars  will  a  siding  1.792  feet  long  hold,  the  cars 
each  being  32  feet  long  ?  Ans.  56  R.  R.  cars. 

5.  A  tail-rope  system  hauls  50  (5ars  a  trip.  How  many  trips  must 
be  made  to  load  60  R.  R.  cars  holding  30  tons  each,  if  each  mine  car 
holds  2  tons  ?  Ans.  18  trips. 


CANCELATION. 

63.  Cancelattoii  is  the  process  of  shortening  opera- 
tions in  division  by  casting  out  equal  factors  from  both 
dividend  and  divisor. 

04*  The  factors  of  a  number  are  those  numbers  which, 
when  multiplied  together,  equal  the  given  number.  Thus,  5 
and  3  are  factors  of  15,  since  5  X  3  =  15.  Likewise,  8  and 
7  are  the  factors  of  56,  since  8  x  7  =  56. 

65*  A  prime  number  is  one  which  can  not  be  divided 
by  any  number  except  itself  and  1.  Thus,  2,  3,  11,  29,  etc., 
are  prime  numbers. 
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66*  A  prime  factor  is  any  factor  that  is  a  prime 
number. 

Any  number  that  is  not  a  prime  is  called  a  composite 
number,  and  may  be  produced  by  multiplying  together  its 
prime  factors.  Thus,  60  is  a  composite  number,  and  is  equal 
to  the  product  of  its  prime  factors,  2x2x3x5. 

Numbers  are  said  to  be  prime  to  eacli  otlier  when  no 
two  of  them  can  be  divided  by  any  number  except  1 ;  the 
numbers  themselves  may  be  either  prime  or  composite. 
Thus,  the  numbers  3,  5,  and  11  are  prime  to  each  other,  so 
also  are  22,  25,  and  21 — all  composite  numbers. 

67.  Canceling  equal  factors  from  both  dividend  and  divi- 
sor does  not  change  the  quotient. 

Canceling  a  factor  in  both  dividend  and  divisor  is  the  same 
as  dividing  them  both  by  the  same  number^  and  this,  evidently, 
does  not  change  the  quotient. 

Write  the  numbers  forming  the  dividend  ^,bo\^  a  horizontal 
line,  and  those  forming  the  divisor  below  it ;  then  cancel  the 
equal  factors. 

68.  Example.— Divide  4x45x60  by  9x24 

Solution. — Placing  the  dividend  over  the  divisor,  and  canceling 

6      10 
^X^^xy^_60^^     .. 

1 

Explanation. — The  4  in  the  dividend  and  24  in  the  divisor 

are  both  divisible  by  4,  since  4  divided  by  4  equals  1,  and  24 

divided  by  4  equals  6.     Cross  off  the  four  and  write  the  1 

over  it ;  also,  cross  off  the  24  and  write  the  6  under  it.  Thus, 

^  X  45  X  60 

9  X  ?^      • 
6 

60  in  the  dividend  and  6  in  the  divisor  are  divisible  by  6, 

since  60  divided  by  6  equals  10,  and  6  divided  by  6  equals  1. 

Cross  off  the  60  and  write  10  over  it ;  also,  cross  off  the  6  and 

write  1  under  it.     Thus, 

1  10 

^  X  45  X 

1 
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Again,  46  in  the  dividend  and  9  in  the  divisor  are  divisible 
by  9,  since  45  divided  by  9  equals  5,  and  9  divided  by  9  equals 
1.  Cross  off  the  45  and  write  the  5  over  it ;  also,  cross  off  the 
9  and  write  the  1  under  it.     Thus, 

1      6      10 

9XU    ' 

1      ? 
1 

Since  there  are  no  two  remaining  numbers  (one  in  the  divi- 
dend and  one  in  the  divisor)  divisible  by  any  number  except 
1,  without  a  remainder,  it  is  impossible  to  cancel  further. 

Multiply  all  the  uncanceled  numbers  in  the  dividend 
together,  and  divide  their  product  by  the  product  of  all  the 
uncanceled  numbers  in  the  divisor.  The  result  will  be  the 
quotient.  The  product  of  all  the  uncanceled  numbers  in 
the  dividend  equals  5  X  1  X  10  =  50 ;  the  product  of  all  the 
uncanceled  numbers  in  the  divisor  equals  1x1  =  1. 

1      5      10 


Hence, 


^  X  ^?  X  ?0     1  X  5  X  10 


1       9 
1 


ixi 


=  50.     Ans. 


It  is  usual  to  omit  the  I's  when  canceling  them,  instead 
of  writing  them  as  above. 

69.  Rule. — I.  Caiicil  the  common  factors  from  both  the 
dividend  and  divisor, 

II.  Ttien  divide  the  product  of  the  retnaining  factors  of  the 
dividend  by  the  product  of  the  retnaining  factors  of  the  divisor^ 
and  tlu  result  will  be  the  quotient. 


BXAMPLBS  FOR  PRACTICB 

70.     Divide 

{a)  14  X  18  X  16  X  40  by  7  X  8  X  6  X  5  X  3. 

(b)   3  X  65  X  50  X  100  X  60  by  30  X  60  X  13  X  10. 

{€)   8  X4x  3X9X11  by  11X9X4X3X8. 

{d)   164  X  321  X  6  X  7  X  4  by  82  X  321  x  7. 

(e)    50  X  100  X  200  X  72  by  1,000  X  144  X  100. 

if)  48  X  63  X  55  X  49  by  7  X  21  X  11  X  48. 

(g )  110  X  150  X  84  X  32  by  11  X  15  X  100  X  6^1. 
(h)    115  X  120X400X1,000  by  23x1,000x60x800. 


Ans. 


{a)  32. 

(b)  250. 

{c)  1. 

{d)  48. 

{e)  5. 

(/)  105. 

(^'■)42. 

{h)  5. 
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« 

FRACTIONS. 

71.  A  fraction  is  a  part  of  a  whole  number:  One-half^ 
one-tkirdy  two-fifths  are  fractions. 

72.  Two  numbers  are  required  to  express  a  fraction; 
one  is  called  the  numerator,  and  the  other  the  denomi- 
nator. 

73.  The  numerator  is  placed  above  the  denominator, 
with  a  line  between  them ;  as,  J.  3  is  the  denominator^  and 
shows  into  how  many  equal  parts  the  unit  or  one  is  divided. 
The  numerator  2  shows  how  many  of  these  equal  parts  are 
taken  or  considered.  The  denominator  also  indicates  the 
names  of  the  parts. 

\  is  read  one-half. 

}  is  read  three-fourths. 

f  is  read  three-eighths. 

1^  is  read  five-sixteenths. 

1^  is  read  twenty-nine-forty-sevenths. 

74.  In  the  expression  **}  of  an  apple,"  the  denominator 
4  shows  that  the  apple  is  to  be  (or  has  been)  cut  into  4  equal 
parts,  and  the  numerator  3  shows  that  three  of  these  parts, 
or  fourths,  are  taken  or  considered. 

If  each  of  the  parts,  or  fourths,  of  the  apple  were  cut  in 
two  equal  pieces,  there  would  then  be  twice  as  many  pieces 
as  before,  or  4  X  2  =  8  pieces  in  all ;  one  of  these  pieces  would 
be  called  one-eighth,  and  would  be  expressed  in  figures  as  ^. 
Three  of  these  pieces  would  be  called  three-eighths,  and 
written  f.  The  words  three-fourths,  three-eighths,  five- 
sixteenths,  etc.,  are  abbreviations  of  three  one-fourths,  three 
one-eighths,  five  one-sixteenths,  etc.  It  is  evident  that  the 
larger  the  denominator,  ihe^  greater  is  the  number  of  parts 
into  which  anything  is  divided;  consequently,  the  parts 
themselves  are  smaller,  and  the  value  of  the  fraction  is  less 
for  the  same  number  of  parts  taken.  In  other  words,  |,  for 
example,  is  smaller  than  J,  because  if  an  object  be  divided 
into  9  parts,  the  parts  are  smaller  than  if  the  same  object 
had  been  divided  into  8  parts;  and,  since  \  is  smaller  than  ^, 
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it  is  clear  that  7  one-ninths  is  a  smaller  amount  than  7  one- 
eighths.     Hence,  also,  f  is  less  than  f . 

75.  The  value  of  a  fraction  is  the  numerator  divided 
by  the  denominator ;  as,  f  =  2,  |  =  3. 

76.  The  line  between  the  numerator  and  denominator 
means  divided  by  ^  or  ~. 

f  is  equivalent  to  3  H-  4. 
f  is  equivalent  to  5  -5-  8. 

77.  The  numerator  and  denominator  of  a  fraction,  when 
considered  together,  are  called  the  terms  of  a  fraction. 

78.  The  value  of  a  fraction  whose  numerator  and  denom- 
inator are  equal  fs  1. 

^,  or  four-fourths,  =  1. 
I,  or  eight-eighths,  =  1. 
^,  or  sixty-four-sixty-fourths,  ^  1. 

'79.     A  proper  fraction  is  a  fraction  whose  numerator 
is  less  than  its  denominator.     Its  value  is  less  than  1 ;  as,  f , 

SO.  An  Improper  fraction  is  a  fraction  whose  numer- 
ator equals  or  is  greater  than  the  denominator.  Its  value  is 
1  or  more  than  1 ;  as,  |^,  |,  ^|. 

81.     A  mixed  number  is  a  whole  number  and  a  frac-* 
tion  united.     4f  is  a  mixed  number,  and  is  equivalent  to 
4  -j-  f.     It  is  read  four  and  two-thirds. 


REDUCTION  OF  FRACTIONS. 

82.  Reduction  of  fractions  is  the  process  of  chang- 
ing their  form  without  changing  their  value. 

« 

83.  K.  fraction  is  reduced  to  higher  terms  by  multiplying 
both  terms  of  the  fraction  by  the  same  number.  Thus,  f  is 
reduced  to  \  by  multiplying  both  terms  by  2. 

3X2^6 
4  X  2""8* 
The  value  is  not  changed,  since  i  =  i-     For,  suppose  that 
an  object,  say  an  apple,  is  divided  into  8  equal  parts.     If 
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these  parts  be  arranged  into  4  piles,  each  containing  2  parts, 
it  is  evident  that  each  pile  will  be  composed  of  the  same 
amount  of  the  entire  apple  as  would  have  been  the  case  had 
the  apple  been  originally  cut  into  4  equal  parts.  Now,  if 
one  of  these  piles  (containing  2  parts)  be  removed,  there 
will  be  3  piles  left,  each  containing  2  equal  parts,  or  6  equal 
parts  in  all,  i.  e.,  six-eighths.  But,  since  one  pile,  or  one 
quarter,  was  removed,  there  are  three-quarters  left.  Hence, 
J  =  |.  The  same  course  of  reasoning  may  be  applied  to 
any  similar  case.  Therefore,  multiplying  both  terms  of  a 
fraction  by  the  same  number  does  not  alter  its  value. 

84«     To  reduce  a  fraction  to  an  equal  fraction 

bavins  a  g^l^ven  denominator  :  -« 

Example. — Reduce  J  to  an  equal  fraction  having  96  for  a  denomi- 
nator. 

Solution. — Both  the  numerator  and  the  denominator  must  be  multi- 
plied by  the  same  number  in  order  not  to  change  the  value  of  the  frac- 
tion. The  denominator  must  be  multiplied  by  some  number  which 
will,  in  this  case,  make  the  product  96 ;  this  number  is  evidently  96  -h 

8  =  12,  since  8  X  12  =  96.     Hence,  ^  ^  !«  =  ^.     Ans. 

85.  Rule. — Divide  the  given  denominator  by  the  denomi- 
ftator  of  the  given  fraction^  and  multiply  both  terms  of  the 
fraction  by  the  result. 

Example. — Reduce  }  to  lOOths. 

Solution. —    100  -i-  4  =  25;  hence,  -r      't  =  :^.    Ans. 

•  4  X  25      100 

86.  A  fraction  is  reduced  to  lower  terms  by  dividing 
both  terms  by  the  same  number.  Thus,  -^^  is  reduced  to  \ 
by  dividing  both  terms  by  2. 

8  ^2_4 
10-^2"  5* 

That  -j^o  =  ^  is  readily  seen  from  the  explanation  given  in 
Art.  83 ;  for,  multiplying  both  terms  of  the  fraction  f  by  2, 
i  X  I  =  A»  a^^  i^  T  =  t\»  tV  must  equal  \,  Hence,  dividiftg 
both  terms  of  a  fraction  by  the  same  number  does  not  alter  its 
value. 

87.  A  fraction  is  reduced  to  its  lowest  terms  when  its 
numerator  and  denominator  can  not  both  be  divided  by  the 
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same  number  without  a  remainder;  as,  |,  |,  ||,  ^.  In  other 
words,  the  numerator  and  denominator  are  prime  to  each 
other. 


88. 


EXAMPLES  FOR 

PRACTICE. 

Reduce  the  following: 

(«) 

A  to  128ths. 

'(«) 

iWr 

(^) 

yW  to  its  lowest  terms. 

(^) 

A- 

(O 

jt^  to  its  lowest  terms. 

Ans.  ^ 

(r) 

tK 

(^) 

f  to  49ths. 

(^) 

*f 

(O 

jl  to  lO.OOOths. 

^m, 

S9m  To  reduce  a  wliole  number  or  mixed  num- 
ber to  an  Improper  fraction : 

Example.— How  many  fourths  in  5  ? 

Solution.— Since  there  are  4  fourths  in  1  (J  =  1),  in  5  there  will  be 
5x4  fourths,  or  20  fourths;  i.  e.,  5  X  i  =  V-     Ans. 

Example. — Reduce  8}  to  an  improper  fraction. 
Solution.— 8  xJ  =  V-    V  +  i  =  V-     Ans. 

90.  Rule. — Multiply  the  wliole  number  by  the  denomi- 
nator of  tlu  fraction^  add  the  numerator  to  the  product^  and 
place  the  denominator  under  the  result.  If  it  is  desired  to  re- 
duce a  whole  number  to  a  fraction^  multiply  the  whole  num- 
ber by  the  denominator  of  the  given  fractiony  and  tvrite  the 
result  over  tfie  denominator. 


EXAMPLES  FOR  PRACTICE. 

81  •     Reduce  to  improper  fractions: 

(a)  ^. 

r  (")  V- 

{b)    5i. 

(^)  V- 

W    lOA.                                                                          ^^3 

w  w 

{d)  87f.                                                                                          ' 

{d)  ip 

{g)    50f 

W  *F 

(/)   Reduce  7  to  a  fraction  whose  denominator  is  16. 

U/)  w 

92«  To  reduce  an  Improper  fraction  to  a  ^wliole 
or  mixed  number : 

Example. — Reduce  ^  to  a  mixed  number. 

Solution. — 4  is  contained  in  21,  5  times  and  1  remaining  (see  Art 
75);  as  this  is  also  divided  by  4,  its  value  is  \.  Therefore,  5  -h  i,  or  5Jv 
is  the  number.    Ans. 


28  ARITHMETIC.  §  1 

93.  Rule. — Divide  the  nutpterator  by  the  denominator^ 
the  quotient  will  be  tlie  whole  number ;  the  remainder^  if 
there  be  any^  will  be  the  numerator  of  the  fractional  part  of 
which  the  denominator  is  the  same  as  the  denominator  of  the 
improper  fraction. 


KXAMPLBS  FOR  PRACTICE. 

94*     Reduce  to  whole  or  mixed  numbers: 

(a)   24J. 
W    61f 


(«) 

H* 

(*) 

4* 

w 

iji. 

(d) 

H* 

W 

«• 

C/) 

W 

Ans. 


(c)    116f. 
(//)   49f. 
(,e)    4. 

95.  A  common  denominator  of  two  or  x;;^^  /r^^- 
tions  is  a  number  which  will  contain  ( i.  e. ,  which  may  be 
divided  by)  the  denominator  of  each  of  the  given  fractions 
without  a  remainder.     The  least  common  denominator 

is  the  least  number  that  will  contain  each  denominator  of 
the  given  fractions  without  a  remainder. 

96.  To  find  tlie  least  common  denominator : 

Example.— Find  the  least  common  denominator  of  \,  |,  J,  and  ^, 
Solution.— We  first  place  the  denominators  in  a  row,  separated  by 
commas.  2)4,     8,     9,  16 

2)2,     8,     9,     8 

8)1,     3,     9.     4 

1,     1.     8,     4 

2x2x8x3X4  =  1^4,  the  least  common  denominator.     Ans. 

Explanation. — Divide  the  numbers  by  some  prime  num- 
ber that  will  divide  at  least  two  of  them  without  a  remain- 
der (if  possible),  bringing  down  to  the  row  below  those 
denominators  which  will  not  contain  the  divisor  without  a 
remainder.  Dividing  each  of  the  numbers  by  2,  the  second 
row  becomes  2,  3,  9,  8,  since  2  will  not  divide  3  and  9  with- 
out a  remainder.     Dividing  again  by  2,  the  result  is  1,  3,  9,  4. 
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Dividing  the  third  row  by  3,  the  result  is  1,  1,  3,  4.  Since 
the  remaining  numbers  are  prime  to  each  other,  we  cease 
dividing  further.  The  product  of  all  the  divisors  and  of 
the  numbers  prime  to  each  other,  is  2x2x3x3x4  =  144, 
which  is  the  required  least  common  denominator. 

97.     Example. — Find  the  least  common  denominator  of  },  A,  ^. 
Solution.—  8  )  9,  12,  18 

3)3,    4.    6 
2)1.    4,    2 
1,     2.     1 
3x8x2x2  =  86.     Ans. . 

98*  To  reduce  tiw-o  or  more  fractions  to  frac- 
tions bavins  a  common  denominator : 

Example. — Reduce  {,  },  and  ^  to  fractions  having  a  common 
denominator. 

Solution. — The  common  denominator  is  any  number  which  will 
contain  8, 4,  and  2.  The  /eas/  common  denominator  is  12,  because  it  is 
the  smallest  number  which  can  be  divided  by  8,  4,  and  2  without  a 
remainder.  ^  =  ^^^    j  =  ^,    j  =  ^. 

Reducing  {  (see  Art.  84),  8  is  contained  im.  12,  4  times.  By  multi- 
plying both  numerator  and  denominator  of  |  by  4,  we  find 

"^  V  A  ~  12'     ^^  ^^®  same  way  we  find  }  =  A  and  i  =  A. 

99.  Rule.  —  Divide  the  common  denominator  by  the 
denominator  of  the  given  fraction^  and  multiply  both  terms  of 
the  fraction  by  the  quotient. 


BXAMPL.B8  FOR  PRACTICE. 

1 00«     Reduce  to  fractions  having  a  common  denominator : 


(tf)  *.  i  f 

(^)  A.f  A- 

W  J.A.H.  Ans. 

W  A»  A»  A* 


(<»)  f  f.  f 

(h  A.  M.  A- 

W  H.  A.  H- 
(d)  M.  Vi,  H- 

W    To»  A»  To* 
b  V  )    tQ»  To»  «©• 
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ADDITION   OF    FRACTIONS. 

101«  Fractions  cannot  be  added  unless  they  have  a  com- 
'mon  denominator.  We  cannot  add  |  to  |  as  they  now  stand, 
since  the  denominators  represent  parts  of  different  sizes. 
Fourths  cannot  be  added  to  eighths. 

Suppose  we  divide  an  apple  into  4  equal  parts,  and  then 
divide  2  of  these  parts  into  two  equal  parts.  It  is  evident 
that  we  shall  have  2  one-fourths  and  4  one-eighths.  Now, 
if  we  add  these  parts,  the  result  is  2  +  4  =  6  something.  But 
what  is  this  something  ?  It  is  not  fourths,  for  six  fourths 
are  1^,  and  we  had  only  1  apple  to  begin  with  ;  neither  is  it 
eighths,  for  six  eighths  are  J,  which  is  less  than  1  apple. 
By  reducing  the  quarters  to  eighths,  we  have  }  =  |,  and 
adding  the  other  4  eighths,  4  +  4  =  8  eighths.  This  result 
is  correct,  since  |  =  1.  Or,  we  can,  in  this  case,  reduce 
the  eighths  to  quarters.  Thus,  f  =  f ;  whence,  adding 
2  +  2  =  4  quarters,  a  correct  result  since  f  =  1. 

Before  adding,  fractions  should  be  reduced  to  a  common 
denominator,  preferably  the  least  common  denominator, 

102«     Example. — Find  the  sum  of  ^,  |,  and  {. 

Solution. — The  least  common  denominator,  or  the  least  number 
which  will  contain  all  the  denominators,  is  8. 

l  =  |.J  =  f  «  =  f. 
Explanation. — As  the  denominator  tells  or  indicates  the 
names  of  the  parts,  the  numerators  only  are  added  in  order 
to  obtain  the  total  number  of  parts  indicated  by  the  denomi- 
nator. Thus,  4  one-eighths  plus  6  one-eighths  plus  5  one- 
eighths  = 

i  +  |  +  -|  =  -*^--*--^  =  V  =  l^     Ans. 

103«     Example.— What  is  the  sum  of  12},  14|,  and  7^  ? 
Solution. — The  least  common  denominator  in  this  case  is  16. 

12}  =  12H 
14f  =  14|J 
7A=    7A 


sum  =  33  4-  \l  =  33  -h  1\\  =  34^.     Ana. 
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The  sum  of  the  fractions  =  f{  or  1|},  which  added  to  the  sum  of  the 
whole  numbers  =  84H. 

Example. — ^What  is  the  sum  of  17,  13^,  A,  and  3^  ? 

Solution. — The  least  common    denominator  is    82.      13^  =  ^^A* 

17 
13A 

A 

8A 
sum  ddf)    Ans. 

1 04.  Rule.  — I.  Redtue  the  given  fractions  to  fractions 
having  the  least  common  denominator y  and  write  the  sum  of 
the  numerators  over  the  common  denominator, 

II.  When  there  are  mixed  numbers  and  whole  numbers 
add  the  fractions  first  y  and  if  their  sum  is  an  improper  frac- 
tion^ reduce  it  to  a  mixed  number^  and  add  the  whole  number 
with  the  other  whole  numbers. 


BXABiPLBS  FOR  PRACTICB. 

106*    Find  the  sum  of 
(a)  ♦.  A.  i. 

W  i.f.A. 

id)  f.  H,  «. 


W  lA. 
W  lA. 


if)  H. «. «. 

(^)  A.A.H. 


W  lA. 
id)  i«. 

(^)  U|. 

(/)if 
U)  lA. 
W  1. 


1.  An  entry  is  driven  \  mile  to  the  north,  then  \  mile  to  the  east, 
and  finally  \  mile  to  the  south.     What  is  the  total  length  of  the  entry  ? 

Ans,  -^  mile. 

2.  In  going  from  the  working  face  to  the  tipple  a  mine  car  travels 
fl  mile  in  the  mine,  ^  mile  on  an  inclined  plane,  and  |{  mile  on 
a  tramway.    What  is  the  length  of  the  entire  road  ?       Ans.  %f^  miles. 

8.  First  east  heading  gets  \  of  the  entire  amount  of  air  produced 
by  the  fan  at  the  drift  mouth,  second  east  gets  \,  first  west  gets  |,  and 
second  west  gets  -^  of  it.  What  amount  of  the  air  do  these  four 
headings  get?  Ans.  ^. 
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SUBTRACTION   OF   FRACTIONS. 

106«  Fractions  can  not  be  subtracted  without  first  re^ 
ducing  them  to  a  common  denominator.  This  can  be  shown 
in  the  same  manner  as  in  the  case  of  addition  of  fractions. 

Example. — Subtract  f  from  |}. 

Solution. — ^The  common  denominator  is  16. 

*  =  A-    tt-A  =  — iF~  =  A-    Ans. 

107«     Example. — Prom  7  take  |. 

Solution.— 1  =  | ;    therefore,    since   7  =  6  +  1,    7  =  6  -h  |  =  6f .  or 
6f  —  f  =  6f .     Ans. 

lOS*     Example. — What  is  the  difference  between  17^  and  0^  ? 
Solution.— The  common  denominator  of  the  fractions  is  8d.  17^  = 

17tt. 

minuend     17|{ 
subtrahend       9|f 

difference       8^    Ans. 

1 09.     Example.— From  di  take  4^. 

Solution. — The  common  denominator  of  the  fractions  is  16.    d^  = 

•A- 

minuend  9^  or  8f{ 
subtrahend  4yV      4^ 

difference  4H      4Jf    Ans. 

Explanation. — As  the  fraction  in  the  subtrahend  is  greater 
than  the  fraction  in  the  minuend,  it  can  not  be  subtracted ; 
therefore,  borrow  1,  or  \\^  from  the  9  in  the  minuend  and 

add  it  to  the  tV  ;   A  +  H  =  li-     tV  from  t*  =  «•     Since  1 
was  borrowed  from  9,  8  remains ;  4  from  8  =  4;  4  +  -J-f  =  4 J|. 

no*     Example. — From  9  take  8j^. 

Solution. —  minuend  9     or  8|| 

subtrahend  8^^       8^ 

difference     \\        \\    Ans. 

Explanation. — As  there  is  no  fraction  in  the  minuend 
from  which  to  take  the  fraction  in  the  subtrahend,  borrow  1, 
or  11,  from  9.  ^  from  ff  =  ff .  Since  1  was  borrowed  from 
9,  only  8  is  left.     8  from  8  =  0. 
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III,  Rule. — I.  Reduce  the  fractions  to  fractions  hav- 
ing a  common  denominator.  Subtract  one  numerator  from  the 
other  and  place  tfte  remainder  over  the  common  denominator, 

II.  When  there  are  mixed  numbers^  subtract  the  fractions 
and  whole  numbers  separately^  and  place  the  remainders  side 
by  side, 

m.  When  the  fraction  in  the  subtrahend  is  greater  than 
the  fraction  in  the  minuend^  borrow  1  from  the  whole  number 
in  the  minuend  and  add  it  to  the  fraction  in  the  minuend^ 
from  which  subtract  the  fraction  in  tlie  subtrahend, 

IV.  When  the  minuend  is  a  whole  number^  borrow  1; 
reduce  it  to  a  fraction  whose  denominator  is  the  same  as  the 
denominator  of  the  fraction  in  the,  subtrahend^  and  place  it 
over  that  fraction  for  subtraction. 


BXAMPLBS  FOR    PRACTICE. 

112.     Subtract 

{a)  H  from  H-  f  W  f 

{d)  A  from  «.  {b)  A. 

{c)   f^tvom^.  (c)  H. 
(^)Hfrom«.                                 ^^1  (^)  A. 

W  if  from  H.  1    (e)  f 

(/)  13i  from  30J.  (/)  17J. 

(g)  12i  from  27.  {g)  14f. 

(h)  5i  from  30.  L  (h)  24*. 

1.  A  team  driver  is  paid  $2.17^  a  day,  and  a  gathering  driver  |1.66f 
a  day.    What  is  the  difference  in  their  wages  for  one  day  ?     Ans.  $.50f . 

2:  The  yardage  for  the  main  entries  is  $1.57^,  and  for  the  butt 
entries  it  is  $.55f.  What  is  the  difference  in  the  price  per  yard  for 
both  entries  ?  Ans.  $1.01^}. 

8.  A  miner's  expenses  for  oil  and  powder  were  |d.72|.  If  the  oil 
cost  $.87i,  what  did  the  powder  cost  ?  Ans.  |2.84f. 


MULTIPLICATION  OF  FRACTIONS. 

113.  In  multiplication  of  fractions  it  is  not  necessary 
to  reduce  the  fractions  to  fractions  having  a  common  denomi- 
nator. 

114.  Multiplying  the  numerator  or  dividing  the  denomi- 
nator multiplies  the  fraction. 
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Example. — Multiply  f  by  4. 

-8x4 
Solution.^  IX^^T        =J^  =  8.     Ans. 

Or    fx4  =  -i-      .=j  =  3.     Ans. 
4  -I-  4      ' 

The  word  ''of "  when  placed  between  two  fractions,  or 
between  a  fraction  and  a  whole  number,  means  the  same 
as  X ,  or  times.     Thus, 

*fof4  =  }x4=3. 

4of-jV  =  iXTV  =  TtTr- 
Example. — Multiply  |  by  2. 

8  v2 
Solution. —  2x|  =  o-        =l=i.    Ans. 

o 

3 
or    2x|  =  g-^2  =  *'     ^^^ 

1 1 6«     Example. — ^What  is  the  product  of  ^  and  f  ? 

4x7 
Solution—  A  X  f  =  j^-^  = -Aftr  =  A.    Ans. 

^  X  7  7 

or,  by  cancelation.  la  sc  S  ~  4x~8  ~  ^"     "^^^ 

4 

116.     Example.— What  is  |  of  J  of  ^  ? 

^  X  8  X  ff  8  8 

Solution.-  ____  =  __^  =  _     Ans. 

2 

117*     Example. — ^What  is  the  product  of  Of  and  5f  ? 
Solution.— 9f  =  V-;  5f  =  Y. 

¥XV-  =  TxT=^**^  =  ^^-    ^^• 

118.  Example.— Multiply  15^  by  3. 

Solution. —  15|  15| 

3    or        8 

47|  45  +  V  =  -^5  +  2f  =  47f     Ana 

119.  Rule. — t.  Divide  the  product  of  the  numerators 
by  the  product  of  the  denominators.  All  factors  common  to 
the  numerators  and  denoininators  should  first  be  cast  out  by 
cancelation, 

II.  To  multiply  one  mixed  number  by  another ^  reduce  them 
both  to  improper  fractions. 
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III.  To  multiply  a  mixed  number  by  a  wltole  number,  first 
multiply  the  fractional  part  by  the  multiplier,  and  if  the 
product  is  an  improper  fraction,  reduce  it  to  a  mixed  number, 
and  add  the  whole  number  part  to  the  product  of  the  multu 
plier  and  whole  number. 

EXAMPLES  FOR  PRACTICE. 

1 20«     Find  the  product  of 


(a)  7XA- 
(*)  14  X  A. 

W  H  X  A. 

^'^^^^^  Ans 


(«)  lA- 

('')  ^^ 
(')  7A- 

(/)  125. 
W)  15. 
(h)   74. 


(/)17HX7. 
(^)4«X82. 
(-»)  H  X  14. 

1.  A  trapper  is  paid  -I  of  a  dollar  a  day.  What  will  be  his  wages 
for  ^  days?  Ans.  20^  dollars. 

2.  A  contractor's  entire  earnings  were  16  yards  of  rock  tunnel  at 
87|  dollars  per  yard,  and  his  expenses  were  442^  dollars.  What  were 
his  net  earnings  ?  Ans.  152^  dollars. 

3.  A  ratchet  and  two  drills  cost  24  dollars ;  one  drill  cost  2^  dollars 
and  the  other  8{  dollars.    What  was  the  cost  of  the  ratchet  ? 

Ans.  18^  dollars. 

DIVISION  OF  FRACTIONS. 

121«  In  division  of  frcutions  it  is  not  necessary  to  reduce 
t}ie  fractions  to  fractions  having  a  common  denominator, 

1 22.  Dividing  the  numerator  or  multiplying  the  denomi- 
nator^ divides  the  fraction. 

Example. — Divide  |  by  3. 

Solution. — When  dividing  the  numerator^  we  have 

f-*-3  =  i^        =I  =  i.     Ans. 

When  multiplying  the  denominator^  we  have 

*-*-3  =  g-^g  =  A  =  i.     Ans. 

Example. — Divide  -^  by  2. 

Solution.—  ^^2  =  — ^g  =  A-    Ans. 

Example.— Divide  ff  by  7. 

Solution.-         H -*- 7  =  ^-*- '^  =  ^^  =  ^.     Ana 
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m 

I 

1 23.  To  Invert  a  fraction  is  to  turn  it  upside  dawn ; 
that  is,  make  the  numerator  and  denominator  change 
places. 

Invert  \  and  it  becomes  \. 

1 24.  Example. — Divide  -f^  by  ^. 

Solution. — 1.    The  fraction  ^  is  contained  in  ^  8  times,  for  the 

denominators  are  the  same,  and  one  numerator  is  contained  in  the 

other  8  times.    2.    If  we  now  invert  the  divisor  A,  and  multiply,  the 

solution  is 

8 

AXV  =  ^-8.    Ans. 
This  brings  the  same  quotient  as  in  the  first  case. 

1 26*     Example. — Divide  |  by  \. 

Solution. — We  can  not  divide  |  by  i,  as  in  the  first  case  above,  for 
the  denominators  are  not  the  same ;  therefore,  we  must  solve  as  in  the 
second  case. 

t-^i  =  |Xl=J^  =  Jorli.    Ana 

2 

1 26.  Example.— Divide  5  by  iJ. 
Solution. — H  inverted  becomes  ^. 

8 

1 27.  Example. — How  many  times  is  8J  contained  in  7Jt  ? 
Solution.—  8f  =  J^;  7A  =  W- 

^  inverted  equals  ^. 

119        4         119X^_n9_ 

16  ^  15  ~  Jt?  X  15  ~  60  ~    **•     ^"^• 
4 

128.  Rule- — Invert  the  divisor^  and  proceed  as  in  multi- 
plication, 

1 29.  We  have  learned  that  a  line  placed  between  two 
numbers  indicates  that  the  number  above  the  line  is  to  be 
divided  by  the  number  below  it.  Thus,  -y*-  shows  that  18 
is  to  be  divided  by  3.  This  is  also  true  if  a  fraction  or  a 
fractional  expression  be  placed  above  or  below  a  line. 
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-  means  that  9  is  to  be  divided  by  f ;  *  means  that 

t  8  +  4 


3  X  7  is  to  be  divided  by  the  value  of 


16 

8  +  4 


16 
J  is  the  same  as  J^  -4-  f . 

It  will  be  noticed  that  there  is  a  heavy  line  between  the  9 
and  the  f .  This  is  necessary,  since  otherwise  there  would 
be  nothing  to  show  as  to  whether  9  was  to  be  divided  by  f, 
or  \  was  to  be  divided  by  8.  Whenever  a  heavy  line  is  used, 
as  shown  here,  it  indicates  that  all  above  the  line  is  to  be 
divided  by  all  below  it. 


BXABflPLBS  FOR  PRACTICE. 
1 30.     Divide 
{a)   15by6f. 
(b)   80byf 
W    172  by  f. 

{4)  «  by  lA.  .    ^ 

{e)   AJibyl4f. 

(/)  w  by  n\. 

(^)  «  by  W. 

(h)  iff.  by  72^. 


(a)  H. 
{d)  40. 
(r)    215. 

(^)  Hf. 
(/)  Jtfr' 


1.  If  a  track-layer  laid  47  yards  of  track  in  9|  hours,  how  many 
yards  of  track  did  he  average  per  hour  ?  Ans.  4f  (  yards. 

2.  A  blacksmith  can  sharpen  a  pick  in  ^  of  a  minute.     If  he  works 
for  4  hours,  how  many  picks  can  he  sharpen  ?  Ans.  720  picks. 


131.  Whenever  an  expression  like  one  of  the  three  fol- 
lowing is  obtained,  it  may  always  be  simplified  by  transpo- 
sing the  denominator  from  abot^e  to  below  the  line,  or  from 
below  to  abovey  as  the  case  may  be,  taking  care,  however,  to 
indicate  that  the  denominator  when  so  transferred  is  a  mul- 
tiplier. 

a  3 

^'     9       93^4  ~  ^  ~  ^  '    ^^^'    regarding    the    fraction 

above  the  heavy  line  as  the  numerator  of  a  fraction  whose 

i  X  4  3 

denominator  is  9,  i       .  = 7,  as  before. 

'9X4      9X4' 
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9      9x4 
2.      o  =  — s —  =  12.     The  proof  is  the  same  as  in  the  first 
i  3 

case. 

3-      f  =  o a  ==  H  5   ^^'■»    regarding  |  as  the  numerator 

■J       o  X  9 

t  X  9  5 

of   a  fraction  whose  denominator  is  f ,  |      *  =  :; r:;  and 

*'i  X  9     3X9^ 

3inJ  =  33r9  =  M,  as  above. 

This  principle  may  be  used  to  great  advantage  in  cases  like 

i — 7- , ,   ^  ^, — .     Reducing  the  mixed  numbers  to  frac- 

40  X  4i  X  5|  .  ^ 

<.u                             u               i  X  310  X  H  X  72      .- 
tions,    the    expression    becomes ■— ^^'   ,, — .     Now 

'  ^  40  X  I  X  V 

transferring  the  denominators  of  the  fractions  and  canceling, 

3 
;0        8        ^  3 

1  X  310  X  27  X  72  X  2  X  6      1  x  ji^p  X  ^ZjT  x  72  X  jZ  x  0 

40  X  9  X  31  X  4  X  12       ~        ^p  X  ?  X  ^;  X  ^  X  ;jil       ~ 

i  2 

Greater  exactness  in  results  can  usually  be  obtained  by 
using  this  principle  than  can  be  obtained  by  reducing  the 
fractions  to  decimals.  The  principle,  however,  should  not 
be  employed  i/  a  sign  of  addition  or  subtraction  occurs  either 
above  or  below  the  dividing  line. 


DECIMALS. 

1 32*  Decimals  are  tenth  fractions  ;  that  is,  the  parts 
of  a  unit  are  expressed  on  the  scale  of  ten,  as  tenths^  hun- 
dredt/iSy  thousandths^  etc. 

133.  The  denominator,  which  is  always  10  or  a  multi- 
ple of  10,  as  10,  100,  1,000,  etc.,  is  not  expressed  as  it  would 
be  in  common  fractions,  by  writing  it  under  the  numerator, 
with  a  line  between  them;  as,  yV»  toTi  to^oit-  T^e  denomi- 
nator is  always  understood,  the  numerator  consisting  of  the 
figures  on  the  right  of  the  unit  figure.     In  order  to  distinguish 
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the  unit  figure,  a  period  (.),  called  the  decimal  point, 
is  placed  between  the  unit  figure  and  the  next  figure 
on  the  right.  The  decimal  point  may  be  regarded  in  two 
ways:  first,  as  indicating  that  the  number  on  the  right  is  the 
numerator  of  a  fraction  whose  denominator  is  10,  100,  1,000, 
etc. ;  and  second,  as  a  part  of  the  Arabic  system  of  notation, 
each  figure  on  the  right  being  10  times  as  large  as  the  next 
succeeding  figure,  and  10  times  as  small  as  the  next  prece- 
ding figure,  serving  merely  to  point  out  the  unit  figure. 

134.  The  reading  of  a  decimal  number  depends  upon 
the  number  of  decimal  places  in  it,  or  the  number  of  figures 
to  the  right  of  tlie  unit  figure. 

The  first  figure  to  the  right  of  the  unit  figure  expresses 
tenths. 

The  second  figure  to  the  right  of  the  unit  figure  expresses 
hundredths. 

The  third  figure  to  the  right  of  the  unit  figure  expresses 
t/iousandths. 

The  fourth  figure  to  the  right  of  the  unit  figure  expresses 
ten-thousandths. 

The  fifth  figure  to  the  right  of  the  unit  figure  expresses 
hundred-thousandths. 

The  sixth  figure  to  the  right  of  the  unit  figure  expresses 
millionttis. 

Thus: 

.3  =       fV      =3  tenths. 

.03         =     y^^     =3  hundredths. 

.003        =     Ti^oTT    =  3  thousandths. 

.0003      =    nrl  (nr    =  3  ten-thousandths. 

.00003    =  T(r/ffTr(r  =  ^  hundred-thousandths. 

.000003  =  TinrJinrT  =  3  millionths. 

The  first  figure  to  the  right  of  the  unit  figure  is  called  the 
first  decimal  place ;  the  second  figure,  the  second  decimal 
place,  etc.  We  see  in  the  above  that  the  number  of  decimal 
places  in  a  decimal  equals  the  number  of  ciphers  to  the  right 
of  the  figure  1  in  the  denominator  of  its  equivalent  fraction. 
This  fact  kept  in  mind  will  be  of  much  assistance  in  reading 
and  writing  decimals. 
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Whatever  may  be  written  to  the  left  of  a  decimal  point  is 
a  whole  number.  The  decimal  point  merely  separates  the 
fraction  on  the  right  from^  the  whole  fiumber  on  the  left. 

When  a  whole  number  and  decimal  are  written  together, 
the  expression  is  a  mixed  number.  Thus,  8.12  and  17.25  are 
mixed  numbers. 

The  relation  of  decimals  and  whole  numbers  to  each  other 
is  clearly  shown  by  the  following  table : 
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The  figures  to  the  left  of  the  decimal  point  represent  whole 
numbers ;  those  to  the  right  are  decimals. 

In  both  the  decimals  and  whole  numbers,  the  units  place 
is  made  the  starting  point  of  notation  and  numeration.  Both 
whole  numbers  and  decimals  decrease  on  the  scale  of  ten  to 
the  rights  and  increase  on  the  scale  of  ten  to  the  left.  The 
first  figure  to  the  left  of  units  is  tens^  and  the  first  figure  to 
the  right  of  units  is  tenths.  The  second  figure  to  the  left  of 
units  is  hundreds^  and  the  second  figure  to  the  right  is  hun- 
dredths. The  third  figure  to  the  left  is  thousands^  and  the 
third  to  the  right  is  thousandths^  and  so  on ;  the  whole  num- 
bers on  the  left  and  the  decimals  on  the  right.  The  figures 
equally  distant  from  units  place  correspond  in  name,  the 
decimals  having  the  ending  ths^  to  distinguish  them  from 
whole  numbers.  The  following  is  the  numeration  of  the 
number  in  the  above  table  :  Nine  hundred  eighty-seven 
million,  six  hundred  fifty-four  thousand,  three  hundred 
twenty-one,  and  twenty-three  million,  four  hundred  fifty- 
six  thousand,  seven  hundred  eighty-nine  hundred  millionths. 
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The  decimals  increase  to  the  left^  on  the  scale  of  ten^  the 
same  as  whole  numbers;  for,  beginning  at  say  4-thou- 
sandths  in  the  table,  the  next  figure  to  the  left  is  hundredths^ 
which  is  ten  times  as  great,  and  the  next  tenths^  or  ten  times 
the  hundredths^  and  so  on  through  both  decimals  and  whole 
numbers. 

135*  Annexing  or  taking  away  a  cipher  at  the  right  of 
a  decimal  does  not  affect  its  value, 

.5  is  ■^;  .50  is  -f^^  but  -^  =  -^^^\  therefore,  .5  =  .50. 

136.  Inserting  a  cipher  between  a  decimal  and  the  deci- 
mal point  divides  the  decimal  by  10. 

•5  =  iV;  W  -^  10  =  xfir  =  -05. 

137.  Taking  away  a  cipher  from  the  left  of  a  decimal 
multiplies  the  decimal  by  10, 

•05  =  iU\  liTr  X  10  =  A  =  .5. 

138.  In  some  cases  it  is  convenient  to  express  a  mixed 
decimal  fraction  in  the  form  of  a  common  (improper)  frac- 
tion. To  do  so  it  is  only  necessary  to  write  the  entire  num- 
ber, omitting  the  decimal  point,  as  the  numerator  of  the 
fraction,  and  the  denominator  of  the  decimal  part  as  the 
denominator  of  the  fraction.  Thus,  127.483  = -^f^^^;  for 
127.483  =  127iVW  =  ^^^'AV^^  =  ^HU^- 


ADDITION  OF  DECIMALS. 

139.  Addition  of  decimals  is  similar  in  all  respects  to 
addition  of  whole  numbers — units  are  placed  under  units, 
tens  under  tens,  etc. ;  this,  of  course,  brings  the  decimal 
points  in  line  directly  under  one  another.  Hence,  in 
placing  the  numbers  to  be  added,  it  is  only  necessary  to 
take  care  that  the  decimal  points  are  in  line.  In  adding 
whole  numbers  the  right-hand  figures  are  always  in  line; 
but  in  adding  decimals,  the  right-hand  figures  will  not  be 
in  line  unless  each  decimal  contains  the  same  number  of 
figures. 


42  ARITHMETIC.  g  1 


whole  numbers 

decimals 

mixed  numbers 

342 

.342 

342.032 

4234 

.4234 

4234.5 

26 

.26 

26.6782 

3 

.03 

Ans. 

3.06 

tm    4605    Ans. 

sum    1.0554 

sum    4606.2702    Ans. 

140*  A  decimal,  as  .342,  ought  really  to  be  expressed  as 
0. 342,  but  it  is  quite  customary  to  omit  the  cipher  on  the 
left  of  the  decimal  point,  though  many  authors  use  it. 

Example.— What  is  the  sum  of  242,  .36,  118.725,  1.005,  6,  and  100.1  ? 

Solution.—  242. 

.36 
118.725 
1.005 
6. 
100.1 


sum    468. 190    Ans. 

141.  Rule. — Place  the  numbers  to  be  added  so  t/tat  the 
decimal  points  will  be  directly  under  each  other.  Add  as  in 
whole  numbers^  and  plaice  the  decimal  point  in  the  sum  directly 
under  the  decimal  points  above. 


BXAMPL.BS  FOR   PRACXICB. 

142.     Find  the  sum  of 


{a)  .2143,  .105,  2.3042,  and  1.1417. 

{b)  783.5,  21.473,  .2101,  and  .7816. 

(r)  21.781.  138.72,  41.8738,  .72.  and  1.413. 

{d)  .3724,  104.15,  21.417,  and  100.042. 

(^)  200.172,  14.105,  12.1465,  .705,  and  7.2.  ^"^-  ^ 

(/)  1,427.16,  .244,  .32,  .032,  and  10.0041. 

{g)  2,473.1,  41.65.  .7243,  104.067,  and  21.073. 

i^h)  4,107.2,  .00375,  21.716,  410.072,  and  .0345. 


{{a)  3.7652. 

{b)  805.9647. 

{c)  204.5078. 

{d)  225.9814. 

{€)  234.3285. 

if)  1,437.7601. 

{g)  2,640.6143. 

{h)  4,539.02625. 


1.  By  carefully  measuring  the  six  sides  of  a  tract  of  land  it  was 
found  that  the  first  side  measured  537.683  feet,  the  second  87.36  feet, 
the  third  836.391  feet,  the  fourth  732.129  feet,  the  fifth  237.261  feet, 
and  the  sixth  523.689  feet.  What  is  the  exact  distance  around  the 
property?  Ans.  2,954.513  feet. 

2.  The  area  of  a  circle  is  3.1416  square  feet,  the  area  of  a  square 
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74.826  square  feet,  and  the  area  of  a  triangle  88,56  square  feet.    What 
is  the  total  area  of  the  three  figures  ?  Ans.  161.0276  sq.  ft. 

8.  A  certain  airway  is  made  up  of  three  sections,  varying  in  size  such 
that  it  requires  9.786  pounds  per  square  foot  to  pass  the  desired  quan- 
tity of  air  through  the  first  section,  7.86  pounds  to  pass  it  through  the 
second  section,  and  5.63  pounds  to  pass  it  through  the  third  section. 
What  is  the  total  pressure  for  the  airway  ?      Ans.  23.276  lb.  per  sq.  ft. 

4.  The  exact  weight  of  a  car  is  .7839  ton,  and  the  weight  of  the 
coal  which  it  contains  is  1.988  tons.  What  is  the  total  weight  of  the 
loaded  car  ?  Ans.  2.7669  tons. 


SUBTRACTION  OF  DECIMAI.S. 

143.  As  in  subtraction  of  whole  numbers,  units  are 
placed  under  units,  tens  under  tens,  etc.,  bringing  the 
decimal  points  under  each  other,  as  in  addition  of  decimals. 

Example.— Subtract  .182  from  .8063. 

Solution. —  minuend   .8068 

subtrahend    .182 


difference    .1743    Ans. 

144.     ExAMPLB.— What  is  the  difference  between  7.895  and  .725  ? 

Solution. —  minuend    7.895 

subtrahend     .725 


difference    7.170  or  7.17    Ans. 

145.     Example. — Subtract  .625  from  11. 

Solution. —  minuend    11.000 

subtrahend        .625 


difference    1 0. 8  7  5     Ans. 

1 46.  Rule. — Place  the*  subtrahend  under  the  minuend,  so 
that  the  decimal  points  will  be  directly  under  each  other.  Sub- 
tract as  in  whole  numbers,  and  place  the  decimal  point  in  the 
remainder,  directly  under  the  decimal  points  above. 

When  the  figures  in  the  decimal  part  of  the  subtralumd  ex- 
tend beyond  those  in  the  minuend,  place  ciphers  in  the  minuend 
above  them^  and  subtract  as  before^ 
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BXAMPLBS  FOR 

147.  From 

(a)  407.385  take  235.0004. 

(^)  22.718  take  1.7042. 

(c)  1,368.17  take  18.6817. 

(d)  70.00017  take  7.000017. 

(e)  630.630  Uke  .6304. 
(/)  421.73  take  217.162. 
(£■)  1.000014  Uke  .00001. 

(A)  .783652  Uke  .542314. 


Ans. 


(a)  172.8846. 

(d)  21.0138. 

(c)  1.354.4888. 

(if)  63.000158. 

(^)  629.9996. 

(/)  204.568. 

(^)  1.000004. 

(A)  .241388. 


1.  The  average  weight  of  a  cubic  foot  of  anthracite  coal  is  98.5 
pounds,  and  of  bituminous  coal  84  pounds.  What  is  the  difference  in 
the  weights  of  a  cubic  foot  of  anthracite  and  bituminous  coal  ? 

Ans.  9.5  pounds. 

2.  A  2-foot  bar  composed  of  1  foot  of  iron  and  1  foot  of  steel  was 
heated  until  its  entire  length  became  2.00234799  feet.  What  was  the 
expansion  of  the  steel,  if  the  iron  expanded  .001258  of  a  foot  ? 

Ans.  .00108999  foot. 

8.  A  meter  is  39.370432  inches  long  and  a  decimeter  is  3.9370432 
inches  long.  What  is  the  difference  in  the  lengths  of  the  meter  and 
decimeter?  Ans.  85.4883888 in. 


MULTIPLICATION   OF   DECIMALS. 

148«  In  multiplication  of  decimals,  we  do  not  place  the 
decimal  points  directly  under  each  other  as  in  addition  and 
subtraction.  We  pay  no  attention  for  the  time  being  to  the 
decimal  points.  Place  the  multiplier  under  the  multiplicand, 
so  that  the  right-hand  figure  of  the  one  is  under  the  right- 
hand  figure  of  the  other,  and  proceed  exactly  as  in  multipli- 
cation of  whole  numbers.  After  multiplying,  count  the 
number  of  decimal  places  in  both  multiplicand  arid  multiplier^ 
and  point  off  the  same  number  in  the  product. 

Example. — Multiply  .825  by  13. 

Solution.—        multiplicand      .825 

multiplier  1 3 

2475 
825 


/r^^wr/ 10.7  25    Ana 
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In  this  example  there  are  three  decimal  places  in  the  mul- 
tiplicand and  none  in  the  multiplier ;  therefore,  3  decimal 
places  are  pointed  off  in  the  product. 

1 49«     ExAMPLB.— What  is  the  product  of  426  and  the  decimal  .005  ? 

Solution. —       multiplicand      426 

multiplier      .005 

product    2. 1 3  0  or  2. 18    Ans. 

In  this  example  there  are  3  decimal  places  in  the  multi- 
plier and  none  in  the  multiplicand;  therefore,  3  decimal 
places  are  pointed  off  in  the  product. 

160.  It  is  not  necessary  to  multiply  by  the  ciphers  on 
the  left  of  a  decimal ;  they  merely  determine  the  number  of 
decimal  places.  Ciphers  to  the  right  of  a  decimal  should  be 
omitted,  as  they  only  make  more  figures  to  deal  with,  and  do 
not  change  the  value. 

151.     Example.— Multiply  1.205  by  1.15. 

Solution.—      multiplicand        1.2  0  5 

multiplier  1.1  6 

6025 
1205 
1205 


product  l.?8  5  75    Ans. 

In  this  example  there  are  3  decimal  places  in  the  multipli- 
cand, and  2  in  the  multiplier ;  therefore,  3  -f  2,  or  6,  decimal 
places  must  be  pointed  off  in  the  product. 

1 52.     Example.— Multiply  .232  by  .001. 

Solution. —    multiplicand  .232 

multiplier  .001 

product    .000232    Ans. 

In  this  example  we  multiply  the  multiplicand  by  the  digit 
in  the  multiplier,  which  makes  232  in  the  product,  but  since 
there  are  3  decimal  places  in  each,  the  multiplier  and  the 
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multiplicand,  we  must  prefix  3  ciphers  to  the  232,  to  make 
3  -|-  3,  or  6,  decimal  places  in  the  product. 

1 53.  Rule. — Place  the  multiplier  under  the  multiplicand^ 
disregarding  the  position  of  the  decimal  points.  Multiply  as  in 
whole  numbers^  and  in  the  product  point  off  as  many  decimal 
places  as  there  are  decimal  places  in  both  multiplier  and  mul- 
tiplicand, prefixing-  ciphers  if  necessary. 


(a)   .0020377666. 
(d)   4,808.84. 

(c)  81.012698 

(d)  .015477. 
{e)    1.783.52. 
(/)  .000002025. 
(g)  .00001428. 

L  (h)  .00000082. 


EXAMPLES  FOR  PRACTICE. 

1 54*     Find  the  product  of 

(a)  .000492x4.1418. 

(b)  4,008.2X1.2. 
{c)  78.6581X1.08. 

(d)  .8685  X. 042.  ^^^ 

(e)  178,352  X. 01. 
(/)  .00045  X  .0045. 
{g)  .714  X  .00002. 
(A)  .00004 X. 008. 

1.  If  it  costs  .748  of  a  dollar  to  ship  one  ton  of  coal  from  the  mines 
to  the  city,  what  will  it  cost  to  ship  4,376.58  tons  ? 

Ans.  8,251.79894  dollars. 

2.  An  operator  pays  7.568  cents  per  ton  as  royalty.  Supposing  his 
mine  ships  1,858.65  tons  a  month,  what  is  his  royalty  per  month  ? 

Ans.  14,019.15495  cents. 

8.  A  meter  is  8.2808992  feet  long.  What  is  the  length  of  8.31 
meters?  Ans.  27.264272352  feet. 

4.  If  a  steam  pump  delivers  2.39  gallons  of  water  per  stroke  and 
runs  at  51  strokes  a  minute,  how  many  gallons  of  water  would  it  pump 
in  58.5  minutes  ?  Ans.  7,130.565  gallons. 


DIVISION  OF  DECIMALS. 
165«  In  division  of  decimals  we  pay  no  attention  to  the 
decimal  point  until  after  the  division  is  performed.  The  num- 
ber of  decimal  places  in  the  dividend  must  equal^  or  be  made 
to  equal  by  annexing  ciphers^  the  number  of  decimal  places  in 
the  divisor.  Divide  exactly  as  in  ivhole  numbers.  Subtract 
the  number  of  decimal  places  in  the  divisor  from  the  number  of 
decimal  places  in  the  dividend^  and  point  off  as  many  decimal 
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places  in  the  quotient  as  there  are  units  in  the  remainder  thus 
found. 

Example. — Divide  .625  by  25. 

divisor  dividend  quotient 

Solution.—  2  5  )  .6  2  5  (  .0  2  5    Ans. 

50 


125 
125 


remainder       0 

In  this  example  there  are  no  decimal  places  in  the  divisor, 
and  3  decimal  places  in  the  dividend ;  therefore,  there  are  3 
minus  0,  or  3,  decimal  places  in  the  quotient.  One  cipher 
has  to  be  prefixed  to  the  25,  to  make  the  3  decimal  places. 

1 56.     Example.— Divide  6.036  by  .05. 

diviior   dividend   quotient 

Solution^—  .05)6.035(120.7    Ans.   ..      , 

5 

10 


35 
35 

remainder    0 

In  this  example  we  divide  by  5,  as  if  the  cipher  were  not 
before  it.  There  is  one  more  decimal  place  in  the  dividend 
than  in  the  divisor;  therefore,  one  decimal  place  is  pointed 
off  in  the  quotient. 

.1 57.     ExAMPiyE.— Divide  .125  by  .005. 

divisor  dividend  quotient 

Solution.—  .0  05).125(25    Ans. 

10 


25 
25 

remainder    0 

In  this  example  there  are  the  same  number  of  decimal 
places  in  the  dividend  as  in  the  divisor ;  therefore,  the  quo- 
tient has  no  decimal  places,  and  is  a  whole  number. 
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1 68.     Example.— Divide  826  by  .25. 

divisor    dividend   quotient 

Solution.—  .2  5  )  8  2  6.0  0  ( 1  8  0  4    Ans. 

25 


76 
75 


100 
100 


remainder      0 

In  this  problem  two  ciphers  were  annexed  to  the  dividend, 
to  make  the  number  of  decimal  places  equal  to  the  number 
in  the  divisor.     The  quotient  is  a  whole  number. 

159.     Example.— Divide  .0025  by  1.26. 

Solution.—  1.2  5  )  .0  0  2  5  0  ( .0  0  2    Ans. 

250 


remainder      0 

Explanation.— In  this  example  we  are  to  divide  .0025  by 
1.25.  Consider  the  dividend  as  a  whole  number,  or  25  (dis- 
regarding the  two  ciphers  at  its  left,  for  the  present) ;  also, 
consider  the  divisor  as  a  whole  number,  or  125.  It  is  clearly 
evident  that  the  dividend  25  will  not  contain  the  divisor  125; 
we  must,  therefore,  annex  one  cipher  to  the  25,  thus  making 
the  dividend  250.  125  is  contained  twice  in  250,  so  we  place 
the  figure  2  in  the  quotient.  In  pointing  off  the  decimal 
places  in  the  quotient,  it  must  be  remembered  that  there 
were  only  four  decimal  places  in  the  dividend;  but  one 
cipher  was  annexed,  thereby  making  44-1,  or  5,  decimal 
places.  Since  there  are  5  decimal  places  in  the  dividend  and 
2  decimal  places  in  the  divisor,  we  must  point  off  5  —  2,  or  3, 
decimal  places  in  the  quotient.  In  order  to  point  off  3  deci- 
mal places,  two  ciphers  must  be  prefixed  to  the  figure  2, 
thereby  making  .002  the  quotient.  It  is  not  necessary  to 
consider  the  ciphers  at  the  left  of  a  decimal  when  dividing, 
except  when  determining  the  position  of  the  decimal  point  in 
the  quotient. 

160«  Rule. — I.  Place  the  divisor  to  the  left  of  the  divi- 
dendy  and  proceed  as  in  division  of  whole  numbers ;   in  the 
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quotient^  point  off  as  many  decimal  places  as  the  number  of 
decimal  places  in  the  dividend  exceed  ttiose  in  the  divisor^  pre- 
fixing ciphers  to  the  quotient^  if  necessary, 

II.  If  in  dividing  one  number  by  another  there  be  a  re- 
mainder^ the  remainder  can  be  placed  over  the  divisor^  as  a 
fractional  part  of  the  quotient^  but  it  is  generally  better  to 
annex  ciphers  to  the  remainder^  and  continue  dividing  until 
there  are  S  or  ^  decimal  places  in  the  quotient^  and  then  if 
t/tere  still  be  a  remainder^  terminate  the  quotient  by  the  plus 
sign  (-[-),  which  sliows  that  it  can  be  carried  further, 

1 61  •     Example. — ^What  is  the  quotient  of  199  divided  by  15  ? 

Solution.—  15)199(18  +  ^    Ans. 

15 

"T9 
45 


remainder      4 
Or,       15)199.000(13.266+    Ans. 
15 


49 
45 


40 
80 


100 
90 


100 
90 


remainder      1 0 
13^  =  13.266  + 
^  =     .266  + 

162*  It  frequently  happens,  as  in  the  above  example, 
that  the  division  will  never  terminate.  In  such  cases,  de- 
cide to  how  many  decimal  places  the  division  is  to  be  carried, 
and  carry  the  work  one  place  further.  If  the  last  figure  of 
the  quotient  thus  obtained  is  5  or  a  greater  number,  increase 
the^receding  figure  by  1,  and  write  after  it  the  minus  sign 
(— ),  thus  indicating  that  the  quotient  is  not  quite  as  large 
as  indicated ;  if  the  figure  thus  obtained  is  less  than  5,  write 
the  plus  sign  (+)  after  the  quotient,  thus  indicating  that 
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the  number  is  slightly  greater  than  as  indicated.  In  the 
last  example,  had  it  been  desired  to  obtain  the  answer  cor- 
rect to  four  decimal  places,  the  work  would  have  been  car- 
ried to  five  places,  obtaining  13.26666,  and  the  answer  would 
have  been  given  as  13.2667—.  This  remark  applies  to  any 
other  calculation  involving  decimals,  when  it  is  desired  to 
omit  some  of  the  figures  in  the  decimal.  Thus,  if  it  is  de- 
sired to  retain  three  decimal  places  in  the  number  .2471253, 
it  would  be  expressed  as  .247+;  if  it  was  desired  to  retain 
five  decimal  places,  it  would  be  expressed  as  .24713—.  Both 
the  +  and  —  signs  are  frequently  omitted ;  they  are  seldom 
used  outside  of  Arithmetic,  except  in  exact  calculations, 
when  it  is  desired  to  call  particular  attention  to  the  fact  that 
the  result  obtained  is  not  quite  exact. 


BXAMPLB8  FOA  PRACTICB. 


1 63.     Divide 

{a)  101.0688  by  2.86. 
(b)  187.12264  by  123.107. 
\c)  .08  by  .008. 

(d)  .0003  by  3.75. 

(e)  .0144  by  .024. 
(/)  .00375  by  1.25. 
(g)  .004  by  400. 
{h)  .4  by  .008. 

(/)  177.6  by  2.4. 
(j)  .98  by  .7. 


Ans.  - 


'  (a)  48.08. 

{b)  1.52. 

(r)  10. 

{d)  .00008. 

W    •»• 
(/)  .003. 

(g)  .00001. 

(//)   50. 

(/)    74. 

U)  1-4. 


1.  A  man  received  $27.25  for  driving  19.75  yards  of  entry.  What 
did  he  receive  per  yard  ?  Ans.  $1.38. 

2.  A  cistern  has  52,845  pounds  of  water  in  it.  How  many  cubic 
feet  of  water  does  it  contain  if  1  cubic  foot  of  water  weighs 
62.5  pounds  ?  Ans.  846  cu.  ft. 

3.  An  atmosphere  is  equal  to  14.7  pounds  per  square  inch.  Under 
how  many  atmospheres  are  men  working  in  a  caisson  where  the  pres- 
sure is  30.87  pounds  per  square  inch  ?  Ans.  2.1  atmospheres. 

4.  A  pump  delivers  12.13  gallons  at  each  stroke.  How  many 
strokes  must  it  make  in  order  to  deliver  1,285.78  gallons  ? 

Ans.   106  strokes. 
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TO   REDUCE    A   FRACTION    TO    A    DECIMAL. 
164*     Example. —    f  equals  what  decimal  ? 
Solution.-  4)8:0».  or  |  =  .75.    Ans. 

.7  5 

ExAHPLB. — What  decimal  is  equivalent  to  |  ?  .  ^.      _    ^ 

Solution.—  8 )  7.0  0  i)  ( .8  7  5 

64 
60 

56        or}  =  .875.     Ans.     "      •    ---> 
40 
40 
0 

1 65.  Ral©.: — A  nnex  ciphers  to  the  numerator  and  divide 
by  the  denominator.  Point  off  as  many  decimal  places  in  tfie 
quotient  as  there  are  ciphers  annexed. 


BXAMPLBS  FOR  PRACTICB. 
166*     Reduce  the  following  common  fractions  to  decimals: 

(a)  .46875. 


W  H- 

(*)  J- 

W  H- 

(rf)  H- 

(')  A- 

(/)  f 

U)t\fc. 

(^)  tAo- 

Ans. 


ip)    .875. 
{f)    .65625. 
{d)  .796875. 
ij)   .16. 
(/)  .625. 
(^)  .05. 
{h)   .004 


167.  To  reduce  inches  to  decimal  parte  of  a 
foot: 

Example. — What  decimal  part  of  a  foot  is  9  inches  ? 

Solution. — Since  there  are  12  inches  in  1  foot,  1  inch  is  -^  of  a 
foot,  and  9  inches  is  9  X  iV«  or  -^  of  a  foot.  This,  reduced  to  a  decimal 
by  the  above  rule,,  shows  what  decimal  part  of  a  foot  9  inches  is. 

1  2)9.0  0(.7  5  of  afoot.     Ans. 
84 
60 
60 
0 

168«  Rule  I. —  To  reduce  inches  to  decimal  parts  of  a 
foot^  divide  the  number  of  inches  by  12. 
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II.  Should  the  resulting  decimal  be  an  unending  one  and  it 
is  desired  to  terminate  the  division  at  some  pointy  say^  the 
fourth  decimal  place  ^  carry  the  division  one  place  further^  and 
if  the  fifth  figure  is  5  or  greater^  increase  the  fourth  figure 
by  1.     Omit  the  signs  +  ^^d  — . 


169. 


BXAMPLB8  FOR  PRACTICE. 

Reduce  to  the  decimal  part  of  a  foot: 


(a) 

Sin. 

(*) 

^in. 

W 

5  in. 

(d) 

«f  in. 

W 

11  in. 

Ans. 


(a)  .25. 

{b)  .876. 

(r)  .4167. 

(d)  .5521. 

{e)  .9167. 


TO    REDUCE    A   DECIMAL   TO    A    FRACTION. 

1 70*     Example. — Reduce  .125  to  a  fraction. 
Solution. —  .125  =  -fff^^  =  J\f  =  J.    Ans. 

Example. — Reduce  .875  to  a  fraction* 
Solution.—  .875  =  ^^  =  JJ  =  }.    Ans. 

171.  Rule. — Under  the  figures  of  t  fie  decimal^  place  1  with 
as  many  ciphers  at  its  right  as  there  are  decimal  places  in  the 
decimal^  and  reduce  the  resulting  fraction  to  its  lowest  terms  by 
dividing  both  numerator  and  denominator  by  the  same  number. 
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Reduce  the  following  to  common  fractions: 


(«) 

.125. 

(*) 

.625. 

{c) 

.8125. 

id) 

.04. 

W 

.06. 

(/) 

.75. 

ig) 

.15625. 

ih) 

.875. 

Ans.  ■> 


{") 

\- 

(») 

f- 

w 

A 

(d) 

h 

(e) 

A- 

if) 

f 

(ff) 

A 

d) 

i- 

1.  A  car  holds. 987  of  a  ton  of  coal.  Determine  the  number  of 
hundredweights  and  pounds  it  holds.  Ans.  19  cwt.  74  lb. 

2.  The  outside  diameter  of  a  pipe  is  6.382  inches,  and  the  thickness 
of  the  iron  of  which  it  is  made  is  .121  of  an  inch.  What  is  the  inside 
diameter  in  inches  and  fraction  of  an  inch  ?  Ans.  6^  inches. 
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8.  A  spring  is  made  up  of  four  flat  steel  bars.  The  thicknesses  of 
the  bars  are,  respectively,  .5  inch,  .25  inch,  .125  inch,  and  .0625  inch. 
What  is  the  entire  thickness  of  the  spring,  expressed  as  a  fraction 
of  an  inch  ?  Ans.  {i  inch. 

173*  To  express  a  decimal  approximately  as  a 
fraction  tiavins  a  ffiven  denominator : 

1 74L.     Example.— Express  .5827  in  64ths. 

Solution.—  .5827  X  f}  =  —^ — ,  say  |J. 

Hence,  .5827  =  }J,  nearly.    Ans. 

Example. — Express  .8917  in  12ths. 

4  7004 
Solution.—  .8917  X  44  =  — rs — »  say  A. 

Hence,  .8917  =  ^,  nearly.    Ans. 

1 75.  Rule. — Reduce  1  to  a  fraction  having  the  given 
denominator.  Multiply  the  given  decimal  by  the  fraction  so 
obtained^  and  the  result  will  be  the  fraction  required. 


BXAMPLB8  FOR  PRACTICB. 

1 76*     Express 

(a)  .625  in  8ths. 

(b)  .8125  in  16ths. 

\c)  .15625  in  82ds.  . 

(</)  .77in64ths.  '^^ 

{e)  .81  in  48ths. 

if)  .923in96ths. 


rw 

v 

(->) 

A 

w 

A 

(rf) 

« 

w 

tt 

^<J) 

H 

1 77.  The  sign  for  dollars  is  ♦.  It  is  read  dollars,  $25 
is  read  25  dollars. 

Since  there  are  100  cents  in  a  dollar,  1  cent  is  1 -one- 
hundredth  of  a  dollar;  the  first  two  figures  of  a  decimal 
part  of  a  dollar  represent  cents.  Since  a  mill  is  ^  of  a  cent, 
or  TuW  ^f  ^  dollar,  the  third  figure  represents  mills. 

Thus,  $25.16  is  read  twenty- five  dollars  and  sixteen  cents  ; 
$25,168  is  read  twenty-five  dollars^  sixteen  cents^  and  eight 
mills, 

178*     The  vinculum ,  parentliesls  (  ),  bracket 

[  ],  and  brace  {   }  are  called  symbols  of  asgi'^SAtioii, 
and  are  used  to  include  numbers  which  are  to  be  considered 
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together;  thus,  13  X  8  —  3,  or  13  X  (8  —  3),  shows  that  3  is  to 
be  taken  from  8  before  multiplying  by  13. 

13  X  (8-3)  =  13  X  5  =  65.     Ans. 

13  X   8-3  =  13  X  5  =  65.     Ans. 
When  the  vinculum  or  parenthesis  is  not  used,  we  have 

13x8-3  =  104-3=101.     Ans. 

1 79.  In  any  series  of  numbers  connected  by  the  signs  +, 
— ,  X,  and  -f-,  the  operations  indicated  by  the  signs  must  be 
performed  in  order  from  left  to  right,  except  that  no  addition 
or  subtraction  may  be  performed  if  a  sign  of  multiplication 
or  division  follows  the  number  on  the  right  of  a  sign  of 
addition  or  subtraction,  until  the  indicated  multiplication,  or 
division  has  been  performed.  In  all  cases  the  sign  of  multi- 
plication takes  the  precedence,  the  reason  being  that  when 
two  or  more  numbers  or  expressions  are  connected  by  the 
sign  of  multiplication,  the  numbers  thus  connected  are  re- 
garded as  factors  of  the  product  indicated,  and  not  as  sepa- 
rate numbers. 

Example.— What  is  the  value  of  4x24  —  8-4-17? 
Solution. — Performing  the  operations  in  order  from  left  to  right, 
4x24  =  96;96-8  =  88;88  +  17  =  105.     Ans. 

-  1 80«     Example. — What  is  the  value  of  the  following  expression : 
1,296  -J- 12  -f- 160  -  22  X  3i  =  ? 

Solution.— 1,296 -f- 12  =  108;  108  +  160  =  268;  here  we  cannot  sub- 
tract 22  from  268  because  the  sign  of  multiplication /^VA^w^  22;  hence, 
multiplying  22  by  3J,  we  get  77,  and  268  -  77  =  191.     Ans. 

Had  the  above  expression  been  written  1,29{)  -r- 12  +  160  — 
22  X  3^  -T-  7  +  25,  it  would  have  been  necessary  to  have  divi- 
ded 22  X  34  by  7  before  subtracting,  and  the  final  result  would 
have  been  22  X  3^  =  77;  77  ■+  7  =  11;  208  -  11  =  257;  257 
4-  25  =  282.  Ans.  In  other  words,  it  is  necessary  to  per- 
form all  of  the  multiplication  or  division  included  between 
the  signs  -f  and  — ,  or  —  and  -f ,  before  adding  or  subtracting. 
Also,  had  the  expression  been  written  1,296  -^  12  +  160 
—  1^\  -7-  7  X  3^-  +  25,  it  would  have  been  necessary  to  have 
multiplied  3^^  by  7  before  dividing  24^,  since  the  sign  of 
multiplication    takes  the    precedence,   and   the   final    result 
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would   have  been    3^  X  7  =  24^;  2^  -r-  24^  =  1 ;  268  -  1  = 
267;  267  +  25  =  292.     Ans. 

It  likewise  follows  that  if  a  succession  of  multiplication 
and  division  signs  occurs,  the  indicated  operations  must  not 
be  performed  in  order,  from  left  to  right — the  multiplication 
must  be  performed  first.  Thus,  24x3-T-4x2-7-9x5  =  f 
Ans.  In  order  to  obtain  the  same  result  that  would  be 
obtained  by  performing  the  indicated  operations  in  order, 
from  left  to  right,  symbols  of  aggregation  must  be  used. 
Thus,  by  using  two  vinculums,  the  last  expression  becomes 
24  X  3-^4  X  2-^9  x  5  =  20,  the  same  result  that  would  be 
obtained  by  performing  the  indicated  operations  in  order, 
from  left  to  right.  


181. 

(/) 


bxampl.es  for  practice. 

Find  the  values  of  the  following  expressions  : 

(8 +  5-1)-*- 4. 
5  X  24  -  32. 
5  X  24  -f- 15. 
144  -  5  X  24. 

(1,691  -  540  -h  559)  h-  3  X  57. 
2,080  -f  120  -  80  X  4  -  1,670. 
(90  +  60  -J-  25)  X  5  -  29. 
90-f-60  ^  25  X  5. 


Ans. 


(") 

8. 

(*) 

m. 

(f) 

8. 

(rf) 

24 

(') 

10. 

(/) 

310. 

U) 

1. 

(*) 
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PERCENTAGE. 

is  the  process  of  calculating  by  hun- 


182. 

dredths, 

1 83.  The  term  per  cent,  is  an  abbreviation  of  the  Latin 
words  per  centum^  which  mean  by  the  hundred,  A  certain 
per  cent,  of  a  number  is  the  number  of  hundredths  of  that 
number  which  is  indicated  by  the  number  of  units  in  the  per 
cent.  Thus,  6  per  cent,  of  125  is  125  X  -rhs  =  75 ;  25  per  cent, 
of  80  is  80  X  tVV  =  20 ;  43  per  cent,  of  432  pounds  is  432  X 
T^  =185.76  pounds. 

184.  The  slffii  of  per  cent,  is  ^,  and  is  read  per  cent. 
Thus,  6^  is  read  six  per  cent,;  Vl\ii>  is  read  twelve  and  one- 
lialf  per  cent. ,  etc. 

When  expressing  the  per  cent,  of  a  number  to  use  in  cal- 
culations, it  is  customary  to  express  it  decimally  instead  of 
fractionally.  Thus,  instead  of  expressing  6^,  25$^,  and  43j^  as 
tItti  I'Ai  ^'^^  T*i^»  ^^  ^s  usual  to  express  them  as  .06,  .25, 
and  .43. 


Per  Cent 

Decimal. 

Fraction. 

Per  Cent. 

Decimal. 

Fraction. 

15^ 

2!^ 

«J< 

10)< 

%H 

50j< 

thi 

100j< 

125j< 

.01 
.02 
.05 
.10 
.25 
.50 
.75 
1.00 
1.25 

• 

ifiror-jV 

r*T|OrA 

VAoriV 
ASor   i 

TV\jor  i 

A'^or  \ 

fnorl 

fMorli 

150  i. 
500  "f,. 

\i- 

12  J^. 
62  Jj^. 

1.50 

5.00 
.0025 
.005 
.015 
.08^ 
.125 
.16| 
.025 

B^?orlJ 

mors 

t4i  or  tJ, 

i4u  or  ^  J 

iy«.orT^ 

T^or^i, 

^ori 

^Hori 
^torf 
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The  preceding  table  will  show  how  many  per  cent,  can  be 
expressed  either  as  a  decimal  or  as  a  fraction. 

185.  The  names  of  the  different  elements  used  in  per- 
centage are :  the  bast\  the  rate  per  cent. ,  the  percentage^  the 
amount^  and  the  difference. 

186.  The  base  is  the  number  on  which  the  per  cent,  is 
computed. 

187.  The  rate  is  the  number  of  hundredths  of  the 
base  to  be  taken. 

188«  The  percentafl^e  is  the  part,  or  number  of  hun- 
dredths^ of  the  base  indicated  by  the  rate  ;  or,  the  percent- 
age is  the  result  obtained  by  multiplying  the  base  by  the  rate. 

Thus,  when  it  is  stated  that  7f^  of  $25  is  *1.75,  125  is  the 
base,  7j^  is  the  rate,  and  $1.75  is  the  percentage. 

1 89.  The  amount  is  the  sum  of  the  base  and  percentage. 

190.  The  difference  is  the  remainder  obtained  by 
subtracting  the  percentage  from  the  base. 

Thus,  if  a  man  has  $180,  and  he  earns  r»:^  more,  he  will  have, 
altogether,  $180  +  *180  X.06,  or  $180 +*  10.80  =  $190  80. 
Here  $180  is  the  base;  G,^,  the  rate;  $10.80,  the  percentage, 
and  $100.80,  the  amount. 

Again,  if  an  engine  of  125  horsepower  uses  1(5^  of  it  in 
overcoming  friction  and  other  resistances,  the  amount  left 
for  obtaining  useful  work  is  125  —  125  X  .K)  =  125  —  20  = 
105  horsepower.  Here  125  is  the  base;  lO,'?^,  the  rate;  20, 
the  percentage,  and  105,  the  difference. 

191.  From  the  foregoing  it  is  evident  that  to  find  the 
percentage,  the  base  must  be  multiplied  by  the  rate.     Hence, 

Rule. —  To  find  the  percentage,  imiltiply  the  base  by  the 
rate  expressed  decimally. 

Example.— Out  of  a  lot  of  300  tons  of  coal,  76i'  were  sold.  How 
many  tons  were  sold  ? 

Solution. —  76,1^,  the  rate,  expressed  decimally,  is.  76;  the  base  is  300; 
hence,  the  number  of  tons  sold,  or  the  percentage,  is,  by  the  above  rule, 

300  X  .76  =  228  tons.     Ans. 
Expressing  the  rule  as  a  formula, 

percentage  =  base  x  rate. 
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192.  When  the  percentage  and  rate  are  given,  the  base 
may  be  found  by  dividing  the  percentage  by  the  rate.  For, 
suppose  that  12  is  6^,  or  yjy,  of  some  number;  then  1^,  or 
y^,  of  the  number  is  12  -r-  6,  or  2.  Consequently,  if  2  =  1^, 
or  lUy  100^»  or  ^^{j,  =  2  X  100  =  200.  But,  since  the  same 
result  may  be  arrived  at  by  dividing  12  by  .06,  for  12  -^  .06 
=  200,  it  follows  that 

Rule. —  IV/ien  the  percentage  and  rate  are  given ^  to  find  the 
base^  divide  the  percentage  by  the  rate^  expressed  decimally. 

Formula,  base  •=.  percentage  -f-  rate. 

Example. — Bought  a  certain  number  of  tons  of  coal  and  sold  76^  of 
it.     If  I  sold  228  tons,  how  many  tons  did  I  buy  ? 

Solution. — Here  228  is  the  percentage,  and  76^,  or  .76,  is  the  rate; 
hence,  applying  the  rule, 

228  -H  .76  =  300  tons.     Ans. 

193.  When  the  base  and  percentage  are  given,  to  find 
the  rate,  the  rate  may  be  found,  expressed  decimally,  by 
dividing  the  percentage  by  the  base.  For,  suppose  that  it  is 
desired  to  find  what  per  cent.  12  is  of  200.  Ij^  of  200  is 
200  X  .01  =  2.  Now,  if  \ii  is  2,  12  is  evidently  as  many 
per  cent,  as  the  number  of  times  that  2  is  contained  in  12,  or 
12  -T-  2  =  6^.  But  the  same  result  may  be  obtained  by  divi- 
ding 12,  the  percentage,  by  200,  the  base,  sinc^  12  -r-  200  = 
.06  =  6j^.     Hence, 

Rule. —  When  the  percentage  and  base  are  given^  to  find  the 
rate^  divide  the  percentage  by  the  base^  and  the  result  will  be 
the  ratCy  expressed  decimally. 

Formula,  rate  =  percentage  -t-  base. 

Example.— Bought  300  tons  of  coal  and  sold  228  tons.  What 
per  cent,  of  the  total  number  of  tons  was  sold  ? 

Solution. — Here  300  is  the  base  and  228  is  the  percentage ;  hence, 
applying  rule,  rate  =  228  -*-  300  =  .  76  =  76;^.     Ans. 

Example. — ^What  per  cent,  of  875  is  25  ? 

Solution. — Here  875  is  the  base  and  25  is  the  percentage ;  hence, 
applying  rule,  25  -*-  875  =  .02f  =  2^%.     Ans. 

Proof.—    875  x  .02f  =  26. 


194.     What  per  cent,  of 
{a)     3e0is90? 
{d)     900  is  360  ? 
(c)     125  is  25  ? 
(//)     150  is  750  ? 
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(e)  280  is  112? 

(/)  400  is  200  ? 

(£■)  47  is  94? 

(//)  500  is  250  ? 


r  {«) 

25jt 

(i) 

40^. 

■ 

(0 

20^. 

('') 

OOUJfc 

Ans.  ■ 

(') 

40^. 

(/) 

50;^. 

U) 

200^ 

(>*) 

50^. 

"w 

1 95.  The  amount  may  be  found,  when  the  base  and  rate 
are  given,  by  multiplying  the  base  by  1  plus  the  rate,  ex- 
pressed decimally.  For,  suppose  that  it  is  desired  to  find 
the  amount  when  200  is  the  base  and  6^  is  the  rate.  The 
percentage  is  200  x  .06  =  12,  and,  according  to  definition, 
Art.  189,  the  amount  is  200+12  =  212.  But  the  same 
result  may  be  obtained  by  multiplying  200  by  1  +  .06,  or 
1.06,  since  200  X  1.06  =  212.     Hence, 

Rule. — IV/icn   the  base  and  rate  are  given ^   to  find  the 

amount y  multiply  the  base  by  1  plus  the  rate^  expressed  deci- 

ntally. 

Formula,  amount  =  base  x  (1  +  ^ate). 

Example. — If  a  man  earned  $725  in  a  year,  and  the  next  year  lOjJ 
more,  how  much  did  he  earn  the  second  year  ? 

Solution. — Here  725  is  the  base  and  10^  is  the  rate,  and  the  amount 
is  required.     Hence,  applying  the  rule, 

725x1.10  =  $797.50.     Ans. 

196.  When  the  base  and  rate  are  given,  the  difference 
may  be  found  by  multiplying  the  base  by  1  minus  the  rate, 
expressed  decimally.  For,  suppose  that  it  is  desired  to  find 
the  difference  when  the  base  is  200  and  the  rate  is  6^.  The 
percentage  is  200  X  .06  =  12;  and,  according  to  definition. 
Art.  190,  the  difference  =  200  —  12  =  188.  But  the  same 
result  may  be  obtained  by  multiplying  200  by  1  —  .06,  or  .94, 
since  200  X  .94  =  188.     Hence, 

Rule. — When  the  base  and  rate  are  given^  to  find  the  differ- 
ence^ multiply  the  base  by  1  minus  the  rate^  expressed  decimally. 

Formula,  differeftce  =  base  X  (1  —  rate). 
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Example. — Bought  300  tons  of  coal,  and  sold  all  but  24ji^  of  it.  How 
many  tons  were  sold  ? 

Solution.— Here  300  is  the  base,  24^  is  the  rate,  and  it  is  desired  to 
find  the  difference.     Hence,  applying  the  rule, 

300  X  (1  -  .24)  =  228  tons.     Ans. 

197.  When  the  amount  and  rate  are  given,  the  base  may 
be  found  by  dividing  the  amount  by  1  plus  the  rate.  For, 
suppose  that  it  is  known  that  212  equals  some  number  in- 
creased by  6^  of  itself.  Then  it  is  evident  that  212  equals 
106j^  of  the  number  (base)  that  it  is  desired  to  find.     Con- 

212 
sequently,  if  212  =  106^,  1^  =-Tq^  =  ^»  and  100^  =  2  X  100  = 

200  =  the  base.     But  the  same  result  may  be  obtained  by 
dividing  212  by  1  -f  .06,  or  1.06,  since  212  -r- 1.06  =  200. 
Hence, 

Rule. — When  the  afnount  and  rate  are  given,  to  find  the 
base,  divide  the  amount  by  1  plus  the  rate,  expressed  deci- 
mally. 

Formula,  base  =  amount  -^  (1  +  rate'). 

Example^ — The  theoretical  discharge  of  a  certain  pump,  when  run- 
ning at  a  piston  speed  of  100  feet  per  minute,  is  278,910  gallons  per  day 
of  10  hours.  Owing  to  leakage  and  other  defects,  this  value  is  25^ 
greater  than  the  actual  discharge.     What  is  the  actual  discharge  ? 

Solution. — Here  278,910  equals  the  actual  discharge  (base)  increased 
by  25ji  of  itself.  Consequently,  278,910  is  the  amount;  25^  is  the  rate, 
and,  applying  rule, 

actual  discharge  =  278,910  h-  1.25  =  223,128  gallons.     Ans. 

198«  When  the  difference  and  rate  are  given,  the  base 
may  be  found  by  dividing  the  difference  by  1  minus  the  rate. 
For,  suppose  that  188  equals  some  number  less  6^  of  itself. 
Then,  188  evidently  equals  100  —  6  =  94j^  of  some  number. 
Consequently,  if  188  =  94^,  1^  =  188  -v-  94  =  2,  and  lOOj^  = 
2  X  100  =  200.  But  the  same  result  may  be  obtained  by 
dividing  188  by  1  -  .06,  or  .94,  since  188 -f- .94  =  200. 
Hence, 

Rule. — When  the  difference  and  rate  are  givert,  to  find  the 
base,  divide  the  difference  by  1  minus  the  rate,  expressed  deci- 
mally. 

Formula,  base  =  difference  -=-  (1  — rate). 
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Example. — Bought  a  certain  number  of  tons  of  coal  and  sold  76*?  of 
it.     If  there  were  72  tons  left  unsold,  how  many  tons  did  I  buy  ? 

Solution. — Here  72  is  the  difference  and  76';;'  is  the  rate.     Applying 

rule, 

72  -H  (1  -  .76)  =  200  tons.     Ans. 

Example. — The  theoretical  number  of  foot-pounds  of  work  per 
minute  required  to  operate  a  boiler  feed-pump  is  127,344.  If  30^  of  the 
total  number  actually  required  be  allowed  for  friction,  leakage,  etc., 
how  many  fcxDt-pounds  are  actually  required  to  work  the  pump  ? 

Solution. — Here  the  number  actually  required  is  the  base;  hence, 
127,344  is  the  difference,  and  20%  is  the  rate.     Applying  the  rule, 

127.344  ^-  (1  -  .30)  =  181,920  foot-pounds.     Ans. 

199*  Example. — A  certain  air-stack  produces  a  ventilating 
pressure  of  2.76  inches  of  water.  By  increasing  the  height  20  feet,  the 
pressure  was  increased  to  3  inches  of  water.  What  was  the  gain 
per  cent.  ? 

Solution. — Here  it  is  evident  that  3  inches  is  the  amount  and  that 
2.76  inches  is  the  base.  Consequently,  3  —  2.76  =  .24  inch  is  the  per- 
centage, and  it  is  required  to  find  the  rate.  Hence,  applying  the  rule 
given  in  Art.  193, 

gain  per  cent.  =  .24  -*-  2.76  =  .087  =  8.7;^.     Ans. 

200*  Example. — A  certain  air-stack  produces  a  ventilating 
pressure  of  3  inches  of  water.  The  stack  being  injured  by  a  storm,  the 
pressure  was  reduced  to  1.2  inches  of  water.  What  was  the  loss 
per  cent.  ? 

Solution. — Here  it  is  evident  that  1.2  inches  is  the  difference  (since 
it  equals  3  inches  diminished  by  a  certain  per  cent,  loss  of  itself)  and 
3  inches  is  the  base.  Consequently,  3  —  1.2  =  1.8  inches  is  the  per- 
centage.    Hence,  applying  the  rule  given  in  Art.  193, 

loss  per  cent.  =1.8-5-3  =  .  60  =  60;;^.     Ans. 

201.     To  find  the  gain  or  loss  per  cent. : 

Rule. — Find  the  difference  betzueen  the  initial  and  final 
values  ;  divide  this  difference  by  the  initial  value. 

Example. — If  a  man  buys  a  house  for  $1,860,  and  some  time  after- 
wards builds  a  barn  for  25^  of  the  cost  of  the  house,  does  he  gain  or 
lose,  and  how  much  per  cent.,  if  he  sells  both  house  and  barn  for  $2,100  ? 

Solution.— The  cost  of  the  barn  was  $1,860  x  25  =  $465  ;  conse- 
quently, the  initial  value,  or  cost,  was  $1,860  -h  $465  =  $2,325.  Since 
he  sold  them  for  $2,100,  he  lost  $2,325  -  $2,100  =  $225.  Hence,  apply- 
ing rule, 

225  -I-  2,325  =  .0968  =  9.68^  loss.     Ans. 


C) 

$113.60. 

(i) 

5.016. 

W 

18. 

i'i) 

14<Hf. 

(^) 

940.8. 

(/) 

1«|^. 

(J-) 

121^. 

(A) 

40%. 
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BXAMPLB8  FOR  PRACTICE. 

202*     Solve  the  following: 

(a)  What  is  12^5^  of  1900? 

{6)  What  is  i%  of  627  ? 

(c)  What  is  33i^  of  54  ? 

(// )  101  is  68}jg  of  what  number  ?  ^^^ 

(if)  784  is  83^51^  of  what  number  ? 

(/)  What  jt  of  960  is  160? 

(^)  What  J<  of  $3,606  is  $450}  ? 

(>i)  What  %  of  280  is  112  ? 

1.  A  steam  plant  consumed  an  average  of  3,640  pounds  of  coal  per 
day.  The  engineer  made  certain  alterations  which  resulted  in  a  saving 
of  250  pounds  per  day.     What  was  the  per  cent,  of  coal  saved  ? 

Ans.  7«t,  nearly. 

2.  If  the  speed  of  an  engine  running  at  126  revolutions  per  minute 
should  be  increased  6J;»,  how  many  revolutions  per  minute  would  it 
then  make  ?  Ans.  134.19  revolutions. 

8.  A  hydraulic  ram,  when  the  valves  were  in  perfect  condition,  dis- 
charged 190.4  gallons  of  water  per  hour.  A  little  sand  got  under  the 
valve  and  reduced  the  discharge  15j^.  What  amount  of  water  did  it 
then  discharge  per  hour  ?  Ans.  161.84  gal. 

4  If  I  lend  a  man  $1,100,  and  this  is  18^;^  of  the  amount  that  I  have 
on  interest,  how  much  money  have  I  on  interest  ?  Ans.  $5,945.95. 

5.  A  test  showed  that  an  engine  developed  190.4  horsepower,  15;i 
of  which  was  consumed  in  friction.  How  much  power  was  available 
for  use?  Ans.  161.84  H. P. 

6.  By  adding  a  condenser  to  a  steam-engine,  the  power  was  increased 
14^,  and  the  consumption  of  coal  per  horsepower  per  hour  was  decreased 
20^  If  the  engine  could  originally  develop  50  horsepower,  and  required 
3(  pounds  of  coal  per  horsepower  per  hour,  what  would  be  the  total 
weight  of  coal  used  in  an  hour,  with  the  condenser,  assuming  the 
engine  to  run  full  power  ?  Ans.  159.6  pounds. 


DENOMINATE  NUMBERS. 

203*  A  denominate  number  is  a  concrete  number, 
and  may  be  either  simple  or  compound,  as  8  quarts,  5  feet, 
10  inches,  etc. 

204.  A  simple  denominate  number  consists  of 
units  of  but  one  denomination,  as  IG  cents,  10  hours,  5  dol- 
lars, etc. 
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205.  A  compound  denominate  number  consists 
of  units  of  two  or  more  denominations  of  a  similar  kind,  as 
3  yards  2  feet  1  inch  ;  34  square  feet  67  square  inches. 

206«     In  ijvliole  numbers  and  in  decimals  the  law  of 

increase  and  decrease  is  on  the  scale  of  10,  but  in  com- 
pound or  denominate  numbers  the  scale  varies. 


MEASURES. 

207.  A  measure  is  a  standard  unit^  established  by  law 
or  custom^  by  which  quantity  of  any  kind  is  measured.  The 
standard  unit  of  dry  measure  is  the  Winchester  bushel ; 
of  ^weifflit,  the  pound  ;  of  liquid  measure,  the  gallon, 
etc. 


208.  Measures  are  of  six  kinds  : 

1.  Extension. 

2.  Weight. 

3.  Capacity. 


4.     Time. 

6.     Angles. 

6.     Money  or  value. 


MEASURES   OP    EXTENSION. 

200.     Measures  of  extension  are  used  in  measuring 
lengths,  distances,  surfaces,  and  solids. 


LINEAR  MBASURE. 


TABLE  8. 


Abbreviation. 

12    inches  (in.)  =  1  foot  .  .  ft. 

8     feet              =  1  yard  .  .  yd. 

5.5  yards            =lrod.  .  .  rd. 

40     rods              =  1  furlong  fur. 

8     furlongs       =  1  mile  .  .  mi. 


ft 


in.  It.  yd.     rd.  fur.  mi. 

36=        3  =        1 
198=      164=     5.5=     1 
7,920  =     660  =     220  =   40  =  1 
63,360  =  5,280  =1,760  =  320  =  8  =  1 


SURVEYOR'S  I.1NEAR  MEASURE. 

TABLE  4. 

=  1  link 11. 

=  1  rod rd. 


7.92  inches 
25  links 
4  rods 
100  links 
80  chains 
mi.         ch. 
1    =    80 


1 


=  1  chain  . 


ch. 


=  1  mile mi. 

rd.  li.  in. 

820    =    8,000    =    63,360 
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21 0.  The  linear  unit,  generally  used  by  surveyors,  is 
Gunter's  ctialn,  which  is  equal  to  4  rods,  or  66  feet. 

211.  An  engineer's  clialn,  used  by  civil  engineers, 
is  100  feet  long,  and  consists  of  100  links.  In  computations, 
the  links  are  written  as  so  many  hundredths  of  a  chain. 


SQUARE  MBASfJRB. 

TABLE  5. 


144   square  inches  (sq.  in.). 

9   square  feet     .... 

80}*  square  yards  .... 

160  square  rods  .... 

640   acres 

sq.mi.      A.        sq.rd. 


sq.yd. 


1  square  foot 
1  square  yard 
1  square  rod 
1  acre  .     .    . 
1  square  mile 

sq.ft. 


sq 


in 


.  sq.ft 
.  sq.  yd. 
.  sq.  rd. 
■  .  j\» 
sq.mi. 


1      =  640  =  102,400  =  3.097,600  =  27,878,400  =  4,014,489.600 


SURVBYOR'S  SQUARE  MEASURE. 

TABLE  6. 


625  square  links 

16  square  rods 

10  square  chains 

040  acres 

86  square  miles  (6  mi.  square)  . 

sq.mi.         A.  sq.ch. 

1      =    640    =    6,400 


1  square  rod  . 
1  square  chain 
1  acre  .  .  . 
1  square  mile . 
1  township  . 
sq.rd.  sq.li. 

102,400    =    64,000,000 


sq.rd. 
sq.ch. 
.     A. 


sq.mi. 
.    Tp. 


CUBIC   MEASURE. 

TABLE  7. 


1728  cubic  inches  (cu.  in.) . 

27   cubic  feet     .... 

128   cubic  feet     .... 

24f  cubic  feet 


cu.yd.    cu.ft. 
1     =    27 


1  cubic  foot 
1  cubic  yard 
1  cord    .    . 
1  perch  .    . 
cu.in. 
=    46,656 


cu.ft. 

cu.yd. 

.    cd. 

.     P. 


MEASURES   OF   TVEIGHT. 

AVOIRDUPOIS  WEIGHT. 

TABLE  8. 

16  ounces  (oz.) =    1  pound    .    .    . 

100  pounds =    1  hundredweight 

20  cwt.,  or  2,000  lb =    1  ton    .    .    .    . 

T.         cwt.  lb.  oz. 

1    =    20    =    2,000    =    32,000 


.lb. 
cwt. 
.  T. 
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212.  The  ounce  is  divided  into  halves,  quarters,  etc. 
Avoirdupois  weight  is  used  for  weighing  coarse  and  heavy 
articles.     One  avoirdupois  pound  contains  7,000  grains. 

LONG  TON  TABLE. 

TABLE   9. 

16  ounces =     1  pound lb. 

112  pounds =     1  hundredweight  .     .     .      cwt. 

20  cwt.,  or  2,240  lb =     1  ton T. 

213.  In  all  the  calculations  throughout  this  and  the 
succeeding  volumes,  2,000  pounds  will  be  considered  one 
ton,  unless  the  long  ton  (2,240  pounds)  is  especially  men- 
tioned. 

TROY   ^VBIGHT. 

TABLE   10. 

24  grains  (gr.) =     1  pennyweight .     .     .     .      pwt 

20  pennyweights =     1  ounce oz. 

12  ounces =     1  pound lb. 

lb.  oz.  pwt.  gr. 

1     =     12     =     240     =     5,760 

214.  Troy  weight  is  used  in  weighing  gold  and  silver- 
ware, jewels,  etc.     It  is  used  by  jewelers. 


MEASURES  OF  CAPACITY. 

LIQUID  MEASURE. 

TABLE   11. 

4   gills  (gi.) =     1  pint pt 

2    pints =     1  quart qt. 

4   quarts =     1  gallon gal. 

81 J  gallons =     1  barrel bbl. 

2    barrels,  or  63  gallons    .     .     .  =     1  hogshead hhd. 

hhd.      bbl.       gal.  qt.  pt.            gi. 

1    =    2    =    63  =  252    =    504  =    2,016 

DRY  MEASURE. 

TABLE  12. 

2  pints  (pt.) =     1  quart qt 

8  quarts =     1  peck pk. 

4  pecks =     1  bushel bu. 

bu.       pk.  qt.         pt. 

1    =    4    =  32    =    64 
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00  seconds  (sec.) 
60  minutes    .    . 
24  hours  .     .     . 
7  days 


MEASURE   OF   TIME. 

TABLE  13. 

=  1  minute min. 

=  1  hour hr. 

=  1  day da. 

=  1  week wk. 


865  days       )  . 

"^    ,     y =     1  common  year 

12  months )  "^ 


yr. 


866  days 
100  years 


1  leap  year. 
1  century. 


Note. — It  is  customary  to  consider  one  month  as  80  days. 


MEASURE  OP  ANGLES  OR  ARCS. 

TABLE   14. 


60  seconds  (") =     1  minute '  . 

60  minutes =     1  degree **  . 

90  degrees =  1  right  angle  or  quadrant  L  • 

860  degrees =    1  circle cir. 

cir. 

1     =     860'     =     21,600'  =     1,296,000" 


10  mills  (m.) 
10  cents 
10  dimes 
10  dollars  . 


E. 
1     = 


MEASURE    OF    MONEY. 

UNITBD  STATES  MONEY. 

TABLE   15. 

=     1  cent ct 

=     1  dime d. 

=     1  dollar I. 

=     1  eagle E. 

ct.  m. 


$  d. 

10    =     100    =     1.000    =     10,000 


MISCELLANEOUS   TABLE. 

TABLE    16. 


12  things  are  1  dozen. 
12  dozen  are  1  gross.. 
12  gross  are  1  great  gross. 

2  things  are  1  pair. 
20  things  are  1  score. 

1  league  is  8  miles. 

1  fathom  is  6  feet. 


1  meter  is  nearly  39.37  inches. 

1  hand  is  4  inches. 

1  palm  is  8  inches. 

1  span  is  9  inches. 
24  sheets  are  1  quire. 
20  quires,  or  480  sheets,  are  1  ream. 


1  bushel  contains  2,150.4  cubic  in. 
1  U.  S.  standard  gallon  (also  called  a  wine  gallon)  contains  231  cubic  in. 
1  U.  S.  standard  gallon  of  water  weighs  8.355  pounds,  nearly. 
1  cubic  foot  of  water  contains  7,481  U.  S.  standard  gallons,  nearly. 
1  British  imp>erial  gallon  weighs  10  pounds. 

It  will  be  of  great  advantage  to  the  student  to  carefully 

memorize  all  of  the  above  tables. 
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REDUCTION   OF    DENOMINATE   NUMBERS. 

215*  Reduction  of  denominate  numbers  is  the  pro- 
cess of  changing  their  denomination  without  changing  their 
value.  They  may  be  changed  from  a  higher  to  a  lower 
denomination  or  from  a  lower  to  a  higher— either  is  reduc- 

tion.     As, 

2  hours  =120  minutes. 

32  ounces  =  2  pounds. 

216*  Principle. — Denominate  numbers  are  changed 
to  lower  denominations  by  multiplying^  and  to  higher  de- 
nominations by  dividing. 

To  reduce  denominate  numbers  to  lo^wer  denomi- 
nations : 

217.     ExAMPLB.— Reduce  5  yd.  2  ft.  7  in.  to  inches. 
Solution — 


yd. 

ft. 

in. 

5 

2 

7 

3 

15  ft. 

2  ft. 

• 

17  ft. 

12 

34 

17 

204  in. 

7  in. 

211  inches.  Ans. 
Explanation. — Since  there  are  3  feet  in  1  yard,  in  5  yards 
there  are  5  X  3,  or  15  feet,  and  15  feet  plus  2  feet  =  17  feet. 
There  are  12  inches  in  a  foot  ;  therefore,  12  X  17  =  204 
inches,  and  204  inches  plus  7  inches  =  211  inches  =  number 
of  inches  in  5  yards  2  feet  and  7  inches.     Ans. 

218*     Example. — Reduce  6  hours  to  seconds. 

Solution. —  6       hours, 

60 


3  6  0      minutes. 
60 


216  0  0  seconds.     Ans. 
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Explanation. — As  there  are  60  minutes  in  one  hour,  in 
six  hours  there  are  6  X  60,  or  360  minutes  ;  as  there  are  no 
minutes  to  add,  we  multiply  360  minutes  by  60,  to  get  the 
number  of  seconds. 

219.  In  order  to  avoid  mistakes,  if  any  denomination 
be  omitted,  represent  it  by  a  cipher.  Thus,  before  reducing 
3  rods  6  inches  to  inches,  insert  a  cipher  for  yards  and  a 
cipher  for  feet ;  as, 

rd.       yd.       ft.       in. 
3  0  0         6 

220.  Rule. — Multiply  the  number  representing  the  high- 
est denomination  by  the  number  of  units  in  the  next  lower 
required  to  make  one  of  the  higher  denomination^  and  to  the 
product  add  the  number  of  given  units  of  that  lower  denomi- 
nation. Proceed  in  this  manner  until  the  number  is  reduced 
to  the  required  denomination. 


BXAMPLBS  FOR  PRACTICE. 


221  •     Reduce 

(a)    4  rd.  2  yd.  2  ft.  to  ft. 
\b)    4  bu.  3  pk.  2  qt.  to  qt. 
(r)     13  rd.  5  yd.  2  ft.  to  ft. 
(^)    5  mi.  100  rd.  10  ft.  to  ft. 
{e)    8  lb.  4  oz.  6  pwt.  to  gr. 
if)   52  hhd.  24  gal.  1  pt.  to  pt. 
(g)  5  cir.  16**  20'  to  minutes. 
{k)     14  bu.  to  qt. 


Ans.- 


(a)  74  ft. 

{b)  154  qt. 

(f)  231.5  ft. 

{d)  28,060  ft 

{e)  48,144  gr. 

(/)  26,401  pt. 

{g)  108,980'. 

{h)  448  qt. 


To  reduce  lo'wer  to  Itistier  denominations: 

222*     Example. — Reduce  211  in.  to  higher  denominations. 
Solution.—  1  2 )  2 1 1  in. 

3 )  1  7  ft.  +  7  in. 


5  yd.  -f  2  ft.     Ans. 
Explanation. — There   are  12   inches   in   1   foot  ;   there- 
fore. 211  divided  by  12  =  17  feet  and  7  inches  over.     There 
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are  3  feet  in  1  yard  ;  therefore,  17  feet  divided  by  3  =  5 
yards  and  2  feet  over.  The  last  quotient  and  the  two  re- 
mainders constitute  the  answer,  5  yards  2  feet  7  inches. 

223*     Example. — Reduce  15,735  grains  Troy  weight  to  higher 
denominations. 

Solution.—  2  4 )  1  5  7  3  5  gr.  ( 6  5  5  pwt 

144 


133 
120 


135 
120 


15gr. 

2  0)655  pwt,  (  8  2  ox. 
60 


5  5 

40 

1  5  pwt. 

1  2 )  3  2  oz.  (  2  lb. 
24 


8  oz. 

Explanation.—  There  are  24  grains  in  1  pennyweight,  and 
in  15,735  grains  there  are  as  many  pennyweights  as  24  is 
contained  in  15,735,  or  G55  pennyweights  and  15  grains  re- 
maining. There  are  20  pennyweights  in  1  ounce,  and  in 
G55  pennyweights  there  are  32  ounces  and  15  p'ennyweights 
remaining.  There  are  12  ounces  in  1  pound,  and  in  32 
ounces  there  are  2  pounds  and  8  ounces  remaining.  The 
last  quotient  and  the  three  remainders  constitute  the  an- 
swer, 2  pounds  8  ounces  15  pennyweights  15  grains. 

The  above  problem  is  worked  out  by  long  division,  be- 
cause the  numbers  are  too  large  to  solve  easily  by  short 
division.     The  student  may  use  either  method. 

224*  Rule. — Divide  the  number  representing  the  de- 
nomination given  by  the  yiumber  of  units  of  this  denomination 
required  to  7nake  one  unit  of  the  next  higher  denomination. 
The  remainder  ivill  be  of  the  same  denomination^  but  the 
quotient  zuill  be  of  the  next  higher.     Divide  this  quotient  by 
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the  number  of  units  of  its  denomination  required  to  make  one 
unit  of  the  next  higher.  Continue  until  the  highest  denomi- 
nation is  reached^  or  until  there  is  not  enough  of  a  denomina- 
tion left  to  make  one  of  the  next  higher.  The  last  quotient 
and  the  remainders  constitute  the  required  result. 


BXAMPI.BS  FOR  PRACTICE. 

22S*     Reduce  to  units  of  higher  denominations  : 

(a)  7.460  sq.  in. ;  {b)  7,580  sq.  yd. ;   {c)  148,760  cu.  in. ;  (//)  7,896  cu.  ft. 
to  cd. ;  {e)  17,651";  (/)  1,120  cu.  ft.  to  cd. ;  (^)  8,000  gi. ;  {h)  86,450  lb. 

(a)  5  sq.  yd.  6  sq.  ft.  116  sq.  in. 
(j>)   1  A.  90  sq.  rd.  17  sq.  yd.  4  sq.  ft.  72  sq.  in. 
{c)  3  cu.  yd.  5  cu.  ft.  152  cu,  in. 
(^)  61  cd.  88  cu.  ft. 
{e)   4"  54'  11". 
{/)  8  cd.  96  cu.  ft. 
(^)  3hhd.  61  gal. 
{h)  18  T.  4  cwt.  50  lb. 


Ans. 


ADDITION  OF  DENOMINATE  NUMBERS. 

226.     Example.— Find  the  sum  of  3  cwt.  46  lb.  12  oz. ;  8  cwt.  12  lb. 
13  oz. ;  12  cwt.  50  lb.  13  oz. ;  27  lb.  4  oz. 

Solution.—          T.  cwt.  lb.  oz. 

0  3  46  12 

0  8  12  13 

0  12  50  13 

0  0  27  4 

■      

1  4         37  10    Ans. 
Explanation. — Begin  to  add  at  the  right-hand  column  : 

4  +  13  +  13  +  12  =  42  ounces  ;  as  16  ounces  make  1  pound, 
42  ounces  -r- 16  =  2  and  a  remainder  of  10  ounces,  or 
2  pounds  and  10  ounces.  Place  10  ounces  under  ounce 
column,  and  add  2  pounds  to  the  next  or  pound  column. 
Then,  2  +  27  +  50  +  12  +  46  =  137  pounds  ;  as  100  pounds 
make  a  hundredweight,  137  -^  100  =  1  hundredweight  and 
a  remainder  of  37  pounds.  Place  the  37  under  the  pounds 
column,  and  add  1  hundredweight  to  the  next  or  hundred- 
weight column.     Next,  1  +  12 +  8  +  3  =  24  hundredweight. 
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20  hundredweight  make  a  ton  ;  therefore  24  -i-  20  =  1  ton 
and  4  hundredweight  remaining.  Hence,  the  sum  is  1  ton 
4  hundredweight  37  pounds  10  ounces.     Ans. 

227.     Example.— What  is  the  sum  of  2  rd.  3  yd.  2  ft  5  in. ;  6  rd. 
1  ft.  10  in. ;  17  rd.  11  in. ;  4  yd  1  ft  ? 


Solution.— 

rd. 

yd. 

ft. 

in. 

2 

8 

2 

5 

6 

0 

1 

10 

^ 

17 

0 

0 

11 

0 

4 

1 

0 

26 

^ 

0 

2 

or 

26 

8 

1 

8 

Ans. 

Explanation. — The  sum  of  the  numbers  in  the  first  col- 
umn =  26  inches,  or  2  feet  and  2  inches  remaining.  The 
sum  of  the  numbers  in  the  next  column  plus  2  feet  =  6  feet, 
or  2  yards  and  0  feet  remaining.  The  sum  of  the  next  col- 
umn plus  2  yards  =  9  yards,  or  9  -r-  5  J  =  1  rod  and  3  J  yards 
remaining.  The  sum  of  the  next  column  plus  1  rod  =  26 
rods.  To  avoid  fractions  in  the  sum,  the  ^  yard  is  reduced 
to  1  foot  and  6  inches,  which  added  to  26  rods  3  yards  0  feet 
and  2  inches  =  26  rods  3  yards  1  foot  8  inches.     Ans. 

228.  Example.— What  is  the  sum  of  47  ft  and  3  rd.  2  yd.  2  ft 
10  in.? 

Solution. — When  47  ft.  is  reduced  it  equals  2  rd.  4  yd.  2  ft,  which 
can  be  added  to  3  rd.  2  yd.  2  ft  10  in.     Thus, 

rd.  yd.  ft.  in. 

3  2  2  10 

2  4  2  0 


6  H  1  10 

or    6  2  0  4    Ans. 

229.  Rule. — P/ace  the  numbers  so  that  like  denomina- 
tiojts  are  under  each  other.  Begin  at  the  right -hand  column^ 
and  add.  Divide  the  sum  by  the  number  of  units  of  this 
denomination  required  to  make  one  unit  of  the  next  higher. 
Place  the  remaiftder  under  the  column  added^  and  carry  the 
quotient  to  the  next  column.  Continue  in  this  manner  until 
the  highest  denomination  given  is  reached. 
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BXAMPLBS  FOR  PRACTICB. 

230*  What  is  the  sum  of 

(a)  25  lb.  7  oz.  15  pwt.  23  gr. ;  17  lb.  16  pwt. ;  15  lb.  4  oz.  12  pwt. ; 
18  lb.  16  gr. ;  10  lb.  2  oz.  11  pwt.  16  gr.? 

{d)  9  mi.  13  rd.  4  yd.  2  f t. ;  16  rd.  5  yd.  1  ft.  5  in. ;  16  mi.  2  rd.  3  in. ; 
14  rd.  1  yd.  9  in.  ? 

(c)    3  cwt.  46  lb.  12  oz. ;  12  cwt,  9i  lb. ;  2i  cwt  21f  lb.  ? 

{{i)  10  yr.  8  mo.  5  wk.  3  da. ;  42  yr.  6  mo.  7  da. ;  7  yr.  5  mo.  18  wk. 
4  da. ;  17  yr.  17  da.  ? 

(if)  17  tons  11  cwt.  49  lb.  14  oz. ;  16  tons  47  lb.  13  oz. ;  20  tons  13  cwt. 
14  lb.  6  oz. ;  11  tons  4  cwt.  16  lb.  12  oa.  ? 

(/)    14  sq.  yd.  8  sq.  ft.  19  sq.  in. ;  105  sq.  yd.  16  sq.  ft.  240  sq.  in. ; 

42  sq.  yd.  28  sq.  ft  165  sq.  in.  ? 

'  (a)  86  lb.  3  oz.  16  pwt.  7  gr. 

(^)  25  mi.  47  rd.  1  ft.  5  in. 

(/)  18  cwt.  2  lb.  14  oz. 

(if)  78  yr.  1  mo.  3  wk.  3  da. 

{e)  65  tons  9  cwt.  28  lb.  13  oz. 

I  (/)  167  sq.  yd.  136  sq.  in. 


Ans. 


SUBTRACTION  OF  DENOMINATE  NUMBERS. 

231.  Example.— From  21  rd.  2  yd.  2  ft.  6^  in.,  take  9  rd.  4  yd. 
10}  in. 

Solution.  —  xd.         yd.         ft.         in. 

21  2  2  6i 

9  4  0  lOj 

11  3i  1  Si        Ans. 

Explanation. — Since  10:^^  inches  cannot  be  taken  from 

6|  inches,  we  must  borrow  1  foot,  or  12  inches,  from  the  2  feet 

in  the  next  column  and  add   it   to   the   6  J.     6  J  +  12  =  18 J. 

18J  inches  —  10^^  inches  =  8^-  inches.     Then,  0  foot  from  the 

1  remaining  foot  =  1  foot.  4  yards  cannot  be  taken  from 
2 yards;  therefore,  we  borrow  1  rod,  or  5^  yards,  from  21  rods 
and  add  it  to  2.  2  +  5i  =  7^ ;  7^  -  4  =  3J  yards.  9  rods 
from  20  rods  =  11  rods.  Hence,  the  remainder  is  11  rods 
3^  yards  1  foot  8^  inches.     Ans. 

To  avoid  fractions  as  much  as  possible,  we  reduce  the 
\  yard  to  inches,  obtaining  18  inches;  this  added  to  8^  inches, 
gives  26}  inches,  which  equals   2   feet   2}   inches.     Then, 

2  feet  +  1  foot  =  3  feet  =  1  yard,  and  3  yards  +  1  yard  =  4 
yards.  Hence,  the  above  answer  becomes  11  rods  4  yards 
0  feet  2}  inches. 
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232.     Example.— What  is  the  difference  between  8  rd.  2  yd.  2  ft 
10  in.  and  47  ft.  ? 

Solution.— 47  ft.  =  2  rd.  4  yd.  2  ft. 

rd.        yd.        ft.        in. 
8  2  2         10 

2  4  2  0 


0  8i         0         10 

or  3  2  4    Ans. 

To  find  (approximately)  the  Interval  of  time  be- 
t^veen  tivo  dates : 

233*  Example. — How  many  years,  months,  days,  and  hours 
between 4 o'clock  p.m.  of  June  15, 1868,  and  10 o'clock  a.m.,  September  28, 
1891? 

Solution.—  yr.        mo.        da.        hr. 

1891    8    28    10 
1868    5     15    16 


23    3     12    18  Ans. 

Explanation. — Counting  24  hours  in  1  day,  4  o'clock 
P.M.  is  the  16th  hour  from  the  beginning  of  the  day,  or 
midnight.  On  September  28,  8  months  and  28  days  have 
elapsed,  and  on  June  15,  5  months  and  15  days.  After  plac- 
ing the  earlier  date  under  the  later  date,  subtract  as  in  the 
previous  problems.     Count  30  days  as  1  month. 

234.  Rule. — Place  the  smaller  quantity  under  the  larger 
quantity^  with  like  denominations  under  each  other.  Begin- 
ning at  the  right ^  subtract  successively  the  number  in  the  sub- 
trahend in  each  denomination  from  the  one  above  ^  and  place 
the  differences  underneath.  If  the  number  in  the  minuend  of 
any  denomination  is  less  than  the  number  under  it  in  the  sub- 
trahend^ one  must  be  borrowed  from  the  minuend  of  the  next 
higher  denomination^  reduced  and  added  to  it. 


BXAMPLES  FOR  PRACTICB. 

235*     From 

(a)   125  lb.  8  oz.  14  pwt.  18  gr.  take  96  lb.  9  oz.  10  pwt.  4  gr. 
{b)    126  hhd.  27  gal.  take  104  hhd.  14  gal.  1  qt.  1  pt 
(r)    65  T.  14  cwt.  64  lb.  10  oz.  take  16  T.  11  cwt.  14  oz. 
{d)  148  sq.  yd.  16  sq.  ft.  142  sq.  in.  take  132  sq.  yd.  136  sq.  in. 
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(e)    100  bu.  take  28  bu.  2  pk.  5  qt.  1  pt. 
(/)  14  mi.  34  rd.  16  yd.  13  ft.  11  in.  take  3  mi.  27  rd.  11  yd.  4  ft.  10  in. 

(a)  28  lb.  11  oz.  4  pwt.  14  gr. 

(d)  22  hhd.  12  gal.  2  qt.  1  pt. 

.         I  (r)  49  T.  3  cwt.  63  lb.  12  oz. 

{d )  16  sq.  yd.  16  sq.  ft.  6  sq.  in. 

(/f)  71  bu.  1  pk.  2  qt.  1  pt. 

(/)  11  mi.  7rd.  5  yd.  9  ft.  1  in. 


MULTIPLICATION  OF  DENOMINATE  NUMBERS. 

236.     Example.— Multiply  7  lb.  5  oz.  13  pwt.  15  gr.  by  12. 

Solution. —  lb.        oz.        pwt.        gr. 

7  5  13  15 

12 


89  8  3  12    Ans. 


Explanation.— 15  grains  X  12  =  180  grains.  180  —  24  =  7 
pennyweights  and  12  grains  remaining.  Place  the  12  in  the 
grain  column  and  carry  the  7  pennyweights  to  the  next. 
Now,  13  X  12  +  7  =  163  pennyweights  ;  163  -^  20  =  8  ounces 
and  3  pennyweights  remaining.  Then,  5  X  12  +  8  =  68 
ounces;  68  -4-  12  =  5  pounds  and  8  ounces  remaining.    Then, 

7  X  12  +  5  =  89  pounds.     The  entire   product  is  89  pounds 

8  ounces  3  pennyweights  12  grains.     Ans. 

237.  Rule. — Multiply  the  number  representing  each  de- 
nomination by  the  multiplier^  and  reduce  each  product  to  the 
next  higher  denomination^  writing  the  remainders  under  each 
denomination^  and  carrying  the  quotient  to  the  nexty  as  in 
Addition  of  Denominate  Numbers, 

238*  Note.  —  In  multiplication  and  division  of  denominate 
numbers,  it  is  sometimes  easier  to  reduce  the  number  to  the  lowest 
denomination  given  before  multiplying  or  dividing,  especially  if  the 
multiplier  or  divisor  is  a  decimal.  Thus,  in  the  above  example,  had 
the  multiplier  been  1.2,  the  easiest  way  to  multiply  would  have  been  to 
reduce  the  number  to  grains;  then,  multiply  by  1.2,  and  reduce  the 
product  to  higher  denominations.  For  example,  7  lb.  5  oz.  13  pwt.  15  gr. 
=  43,047 gr.  43,047  X  12  =  51,656.4  gr.  =  8  lb.  11  oz.  12  pwt.  8.4  gr. 
Also,  43,047  X  12  =  516,564  gr.  =  89  lb.  8  oz.  3  pwt  12  gr.,  as  above. 
The  student  may  use  either  method. 
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BXAMPI^BS  FOR  PRACTICE. 
239.     Multiply 

(a)  15  cwt.  90  lb.  by  5;  (d)  12  yr.  10  mo.  4  wk.  8  da.  by  14:  (c)  11  mi. 
145  rd.  by  20;  (if)  12  gal.  4  pt  by  9;  (e)  8  cd.  76  cu.  ft.  by  15;  (/)  4  hhd. 
8  gal.  1  qt.  1  pt  by  12. 

f  (a)  79  cwt.  50  lb. 

(d)  180  yr.  11  mo.  2  wk. 

(c)  229  mi.  20  rd. 

(</)  112  gal.  2  qt. 

{e)  128  cd.  116  cu.  ft. 

l(/)  48  hhd.  40  gal.  2  qt. 


Ans. 


DIVISION   OF   DENOMINATE   NUMBERS. 

240.     Example.— Divide  48  lb.  11  oz.  6  pwt.  by  8. 

Solution.—  lb.  oz.  pwt.         gr. 

8)48  11  6  0 

6  lb.         1  oz.       8  pwt.     6  gr.     Ans. 

Explanation. — After  placing  the  quantities  as  above, 
proceed  as  follows  :  8  is  contained  in  48  six  times  without  a 
remainder.  8  is  contained  in  11  ounces  once  with  3  ounces 
remaining.  3  X  20  =  60;  60  +  6  =  66  pennyweights;  (yQ  pen- 
nyweights -T-  8  =  8  pennyweights  and  2  remaining ;  2  X  24 
grains  =  48  grains;  48  grains  -f-  8  =  6  grains.  Therefore, 
the  entire  quotient  is  6  pounds  1  ounce  8  pennyweights  6 
grains.     Ans. 

Example. — A  silversmith  melted  up  2  lb.  8  oz.  10  pwt,  of  silver, 
which  he  made  into  6  spoons ;  what  was  the  weight  of  each  spoon  ? 

Solution. —  lb.  oz.  pwt. 

6)2  8  10 

5  oz.  8  pwt.     8  gr.     Ans. 

Explanation. — Since  we  cannot  divide  2  pounds  by  6,  we 
reduce  it  to  ounces.  2  pounds  =  24  ounces,  and  24  ounces 
-f  8  ounces  =  32  ounces ;  32  ounces  -7-6  =  5  ounces  and 
2  ounces  over.  2  ounces  =  40  pennyweights.  40  penny- 
weights +  10  pennyweights  =  50  pennyweights,  and  50  pen- 
nyweights -J-  6  =  8  pennyweights  and  2  pennyweights  over. 
2  pennyweights  =  48  grains,  and  48  grains  -^6  =  8  grains. 
Hence,  each  spoon  contains  5  ounces  8  pennyweights  8 
grains.     Ans. 
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241.     ExAMPLB.'Divide  820  rd.  4  yd.  2  ft  by  112. 

rd.      yd.  ft.   rd.  yd.  ft     in. 
Solution 112)820     4    2(7     12    5.143    Ans. 

784 


3  6  rd.  rem. 
6.5 


180 
180 


198.0  yd. 
4 


112)202yd.(lyd. 
112 


9  0  yd.  rem. 
3 


270  ft 
2  ft 

112)2?2ft  (2  ft 
224 


4  8  ft.  rem. 
12 

96 

48 

11 2 )  6  76  in.  ( 6.1 428  +  in.,  or  6.1 48  in. 
660 

160 
112 

480 
448 


820 
224 

~960 
896 

~64 

Explanation. — The  first  quotient  is  7  rods  with  36  rods 
remaining.  5.5  X  36  =  198  yards;  198  yards  +  4  yards  = 
202  yards;  202  yards  -=-  112  =  1  yard  and  90  yards  remain- 
ing. 90  X  3  =  270  feet ;  270  feet  +  2  feet  =  272  feet ;  272 
feet -7- 112  =  2  feet  and  48  feet  remaining;  48x12  =  576 
inches;  576  inches  -^  112  =  5.143  inches,  nearly.     Ans. 
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The  preceding  example  is  solved  by  long  division,  because 
the  numbers  are  too  large  to  deal  with  mentally.  Instead 
of  expressing  the  last  result  as  a  decimal,  it  might  have 
been  expressed  as  a  common  fraction.  Thus,  576  -r- 112  = 
5yVV  =  ^\  inches.  The  chief  advantage  of  using  a  common 
fraction  is  that  if  the  quotient  be  multiplied  by  the  divisor, 
the  result  will  always  be  the  same  as  the  original  dividend. 

242«  Rule- — Find  how  many  times  the  divisor  is  con- 
tained in  the  first  or  highest  denomination  of  the  dividend. 
Reduce  the  remainder  {if  any)  to  the  next  lower  denomination, 
and  add  to  it  the  number  in  the  given  dividend  expressing  that 
denomination.  Divide  this  new  dividend  by  the  divisor.  The 
quotient  will  be  the  next  denomination  in  the  quotient  required. 
Continue  in  this  manner  until  the  lowest  denomination  is 
reached.  The  successive  quotients  will  constitute  the  entire 
quotient. 


Ans. 


BXAMPLBS  FOR  PRACTICE. 

243.     Divide 

{a)  376  mi.  276  rd.  by  22;  {b)  1,137  bu.  3  pk.  4  qt.  1  pt.  by  10;  (c)  84 
cwt.  48  lb.  49  oz.  by  16;  (d)  78  sq.  yd.  18  sq.  ft.  41  sq.  in.  by  18;  {e)  148 
mi.  64  rd.  24  yd.  by  12;  (/)  100  tons  16  cwt.  18  lb.  11  oz.  by  15;  (g)  86 
lb.  18  oz.  18  pwt.  14  gr.  by  8;  (>*)  112  mi.  48  rd.  by  100. 

(a)  17  mi.  41^  rd. 

{b)  113  bu.  3  pk.  1  qt.  \  pt. 

(r)  5  cwt.  28  lb.  3^  oz. 

{(i)  4  sq.yd.  4  sq.ft.  2^^  sq.in. 

{e)  12  mi.  112  rd.  2  yd. 

(/)  6  tons  14  cwt.  41  lb.  3}J  oz. 

{g)  4  lb.  8  oz.  7  pwt.  7}  gr. 

(//)  1  mi.  38|}  rd. 

1.  If  12  mine  cars  were  dumped  to  load  a  railroad  car  with  coal, 
what  was  the  average  weight  of  coal  in  each,  if  the  total  weight  of  coal 
in  the  railroad  car  was  28  tons  17  cwt.  82  lb.      Ans.  2  tons  8  cwt.  11  lb. 

2.  A  turnout  65  yd.  0  ft.  6  in.  long  will  hold  exactly  23  mine  cars. 
What  is  the  length  of  each  car  ?  Ans.  2  yd.  2  ft.  6  in. 

8.  A  shaft  is  286  ft.  3  in.  deep,  and  it  is  timbered  down  to  the  bed 
rock,  a  distance  equal  to  f  the  depth  of  the  shaft.  How  much  of  the 
shaft  is  timbered  ?  Ans.  81  ft.  9f  in. 

4.     A  boiler  shell  which  is  16  ft.  %^  in.  long  is  made  up  of  3  sheets. 
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If  the  lap  at  each  of  the  two  middle  seams  is  2^  in.,  what  is  the  length 
of  each  sheet  ?  Ans.  5  ft.  6f  J  in. 

5.  In  a  return  tubular  boiler  the  heating  surface  is  divided  as  fol- 
lows: Outside  shell,  98  sq.  ft.  9.8  sq.  in.;  heads,  5  sq.  ft.  4J  sq.  in.; 
tubes,  683  sq.  ft.  10.75  sq.  in.  What  is  the  total  area  of  the  heating 
surface  in  square  feet  and  square  inches?    Ans.  786  sq.  ft.  25.05  sq.  in. 

6.  In  a  mine  having  an  endless-rope  haulage  system  1  mi.  2  rd. 
4  yd.  1  ft.  long,  5  trips  are  attached  to  the  main  or  outgoing  band. 
What  is  the  distance  the  trips  are  apart  ?  Ans.  64  rd.  8  yd.  }  ft. 


INVOLUTION. 

244.  Involution  is  the  process  of  multiplying  a  num- 
ber by  itself  one  or  more  times.  The  product  obtained  by 
multiplying  a  number  by  itself  is  called  a  poller  of  that 
number. 

Thus,  the  second  power  of  3  is  9,  since  3x3  are  9. 
The  third  power  of  3  is  27,  since  3x3x3  are  27. 
Th^  fifth  power  of  2  is  32,  since  2  X  2  X  2  X  2  X  2  are  32. 

245.  An  exponent  is  a  small  figure  placed  to  the  right 
and  a  little  above  a  number  to  show  to  what  power  it  is  to  be 
raised,  or  how  many  times  the  number  is  to  be  used  as  a 
factor,  as  the  small  figures  '» *'  and  *  below : 

3»  =  3  X  3  =  9. 

3*  =  3  X  3  X  3  =  27. 

2*  =  2  X  2  X  2  X  2X  2  =  32. 

246*  The  root  of  a  number  is  that  number  which,  used 
the  required  number  of  times  as  a  factor,  produces  the  num- 
ber. In  the  above  cases,  3  is  a  root  of  9,  since  3x3  are  9. 
It  is  also  a  root  of  27,  since  3x3x3  are  27.  Also,  2  is  a 
root  of  32,  since  2x2x2x2x2  are  32. 

247.  The  second  power  of  a  number  is  called  its 
square. 

Thus,  5*  is  called  the  square  of  5,  or  5  squared,  and  its 
value  is  5  X  5  =  25. 
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248.  The  third  power  of  a  number  is  called  its  cube. 
Thus,  5*  is  called  the  cube  of  5,  or  5  cubed^  and  its  value  is 

5X5X5  =  125. 

249.  To  find  any  poinrer  of  a  number : 

Example. — What  is  the  third  power,  or  cube,  of  85? 

Solution. — ^To  find  the  cube  of  a  number,  use  the  number  three 

times  as  a  factor. 

85  X  35  X  85, 

or         85 

85 


175 
105 

1T25 
85 

6125 
8675 

rl/^^r=:  428  7  5  Ans. 

Example. — What  is  the  fourth  power  of  15  ? 

Solution. —  15  x  15  x  15  x  15, 

or  15 

15 

76 
15 

225 

15 


1125 
225 

3375 
1_5 

16875 
3375 

fourth  power  =  50625    Ans. 

250.     Example.—    1.2»  =  what? 
Solution.—  1.2  x  1-2  x  1.2, 

or  1.2 

1.2 


1.44 
1.2 

1.7  28    Ans. 
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ExAicPLB. — ^.47*  =  what  ? 

Solution.—  .47  x  .47  x  .47  x  47  X  .47. 

or  .47 

.47 


829 

188 

.2209 
.47 

15463 
8886 

.108828 

.47 

726761 
415292 

.04879681 
.47 

84157767 
19518724 

.0229345007  Ans. 

25 1  •     ExAMPLB. — ^What  is  the  third  power,  or  cube,  of  f  ? 

SoLUTioN.-(f)»  =  |x|Xf  =  |^|^=/A.    Ans. 

25)2«  Rule. — I.  To  raise  a  whole  number^  or  a  decimal^ 
to  any  power ^  use  it  as  a  factor  as  many  times  as  there  are 
units  in  the  exponent. 

II.  To  raise  a  fraction  to  any  power ^  raise  both  the  numer- 
ator and  denominator  to  the  power  indicated  by  the  exponent. 


263. 


BXAMPLC8  FOR  PRACTICB. 

Raise  the  following  to  the  powers  indicated: 


{a)  85«. 

(r)  6.5». 
(d)  14*. 

W  »)». 
(/)  (fA 

{h)  1.4». 


Ans.^ 


{{a)  7,226. 

(0  42.25. 
{d)  38,416. 

W  \\ 

(/)  iff. 

{h)  5.87824. 
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EVOLUTION. 

254.  Evolution  is  the  reverse  of  involution.  It  is  the 
process  of  finding  the  root  of  a  number  which  is  considered 
as  a  power. 

255.  The  square  root  of  a  number  is  that  number 
which,  when  used  twice  as  a  factor,  produces  the  number. 

Thus,  2  is  the  square  root  of  4,  since  2  X  2,  or  2',  =  4. 

256.  The  cube  root  of  a  number  is  that  number 
which,  when  used  three  times  as  a  factor,  produces  the 
number. 

Thus,  3  is  the  cube  root  of  27,  since  3  X  3  X  3,  or  3*,  =  27. 

257.  The  radical  siffn  y",  when  placed  before  a  num- 
ber, indicates  that  some  root  of  that  number  is  to  be  found. 

258.  The  index  of  the  root  is  a  small  figure  placed  aver 
and  to  the  left  of  the  radical  sign,  to  show  what  root  is  to 
be  found. 

Thus,  ^100  denotes  the  square  root  of  100. 

1^125  denotes  the  cube  root  of  125. 

f^256  denotes  the  fourth  root  of  256,  and  so  on. 

259.  When  the  square  root  is  to  be  extracted,  the  index 
is  generally  omitted.  Thus,  4/IOO  indicates  the  square  root 
of  100.     Also,  |/225  indicates  the  square  root  of  225. 


SQUARE    ROOT. 

260.  The  largest  number  that  can  be  written  with  one 
figure  is  9,  and  9"  =  81 ;  the  largest  number  that  can  be 
written  with  two  figures  is  99,  and  99'  =  9,801;  with  three 
figures  999,  and  999"  =  998,001;  with/t77/r  figures  9,999,  and 
9,999*  =  99,980,001,  etc. 

In  each  of  the  above  it  will  be  noticed  that  the  square  of 
the  number  contains  just  tzvice  as  many  figures  as  the 
number. 

In  order  to  find  the  square  root  of  a  number,  the  first  step 
is  to  find  how  many  figures  there  will  be  in  the  root.     This 
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is  done  by  pointing  off  the  number  into  periods  of  two  figures 
each,  beginning  at  the  right.  The  number  of  periods  will 
indicate  the  number  of  figures  in  the  root. 

Thus,  the  square  root  of  83,740,801  must  contain  4  figures, 
since,  pointing  off  the  periods,  we  get  83'74'08'01,  or  4  periods; 
consequently,  there  must  be  4  figures  in  the  root.  In  like 
manner,  the  square  root  of  50,625  must  contain  3  figures, 
since  there  are  (5'06'25)  3  periods. 

261.     Example. — Find  the  square  root  of  31,505,769. 

root 

Solution.—    (a)       5         31'5  0'5r69  ( 561 8  Ans. 

5      {b)   ^ 

(//)  100     (c)       65  0 
6         686 

106     ie)         1457 
6  1121 


1120  83669 

1  88669 


1121  0 
1 

11220 
8 


11228 

Explanation. — Pointing  off  into  periods  of  two  figures 
each,  it  is  seen  that  there  are  four  figures  in  the  root.  Now, 
find  the  largest  single  number  whose  square  is  less  than  or 
equal  to  31,  the  first  period.  This  is  evidently  5,  since 
6'  =  36,  which  is  greater  than  31.  Write  it  to  the  right,  as  in 
long  division,  and  also  to  the  left,  as  shown  at  {a).  This  is 
the  first  figure  of  the  root.  Now,  multiply  the  5  at  {a)  by 
the  5  in  the  root,  and  write  the  result  under  the  first  period, 
as  shown  at  {b).     Subtract,  and  obtain  G  as  a  remainder. 

Bring  down  the  next  period  50,  and  annex  it  to  the  re- 
mainder 6,  as  shown  at  (r),  which  we  call  the  dividend. 
Add  the  root  already  found  to  the  5  at  (a),  getting  10,  and 
annex  a  cipher  to  this  10,  thus  making  it  100,  which  we  call 
the  trial  divisor.  Divide  the  dividend  {c)  by  the  trial 
divisor  {d),  and  obtain  6,  which  is  probably  the  next  figure 
of  the  root.     Write  6  in  the  root,  as  shown,  and  also  add  it 
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to  100,  the  trial  divisor,  making  it  106.     This  is  called  the 
complete  divisor. 

Multiply  this  by  6,  the  second  figure  in  the  root,  and  sub- 
tract the  result  from  the  dividend  (c).  The  remainder  is  14, 
to  which  annex  the  next  period,  making  it  1,457,  as  shown 
at  (^),  which  we  call  the  nenv  dividend.  Add  the  second 
figure  of  the  root  to  the  complete  divisor  106,  and  annex  a 
cipher,  thus  getting  1,120.  Dividing  1,457  by  1,120,  we  get 
1  as  the  next  figure  of  the  root.  Adding  this  last  figure  of 
the  root  to  1,120,  multiplying  the  result  by  it,  and  subtract- 
ing from  1,457,  the  remainder  is  336. 

Annexing  the  next  and  last  period,  69,  the  result  is  33,669. 
Now,  adding  the  last  figure  of  the  root  to  1,121,  and  annexing 
a  cipher  as  before,  the  result  is  11,220.  Dividing  33,669  by 
11,220,  the  result  is  3,  the  fourth  figure  in  the  root.  Adding  it 
to  11,220,  and  multiplying  the  sum  by  it,  the  result  is  33,669. 
Subtracting,  there  is  no  remainder;  hence,4/31, 505,769  = 
5,613.     Ans. 

262.  The  square  of  any  number  wholly  decimal  always 
contains  twice  as  many  figures  as  the  number  squared.  For 
example,  .1'  =  .01;  .13*  =  .0169;  .75V  =  .564001,  etc. 

263*  It  will  also  be  noticed  that  the  number  squared  is 
always  less  than  the  decimal.  Hence,  if  it  be  required  to 
find  the  square  root  of  a  decimal,  and  the  decimal  has  not  an 
even  number  of  figures  in  it,  annex  a  cipher.  The  best  way 
to  determine  the  number  of  figures  in  the  root  of  a  decimal 
is  to  begin  at  the  decimal  point,  and,  going  towards  the 
rights  point  off  the  decimal  into  periods  of  two  figures  each. 
Then,  if  the  last  period  contains  but  one  figure,  annex  a 
cipher. 

264.      Example. — What  is  the  square  root  of  .000576  ? 

root 

Solution.—  2  .0  00  57  6  (.0  2  4     Ans. 

2  4 

lo  176 

4  176 

4^  0 
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Explanation. — Beginning  at  the  decimal  point,  and  point- 
ing off  the  number  into  periods  of  two  figures  each,  it  is  seen 
that  the  first  period  is  composed  of  ciphers ;  hence,  the  first 
figure  of  the  root  must  be  a  cipher.  The  remaining  portion 
of  the  solution  should  be  perfectly  clear  from  what  has 
preceded. 

266*  If  the  number  is  not  a  perfect  power,  the  root  will 
consist  of  an  interminable  number  of  decimal  places.  The 
result  may  be  carried  to  any  required  number  of  decimal 
places  by  annexing  periods  of  two  ciphers  each  to  the 
number. 

2G6*     Example. — What  is  the  square  root  of  8  ?    Find  the  result 

to  five  decimal  places; 

root 

Solution.—  1  3.0  O'O  O'O  O'O  O'O  0  ( 1.7  8  2  0  5  -f     Ans. 

1  1 

"20  200 

7  189 


27      •  1100 

7  1029 


340  7100 

3  6924 


348  1760000 

8  1732025 


3460  27976 

2 


3462 
2 

346400 
5 

346405 

Explanation. — Annexing  five  periods  of  two  ciphers  each 
to  the  right  of  the  decimal  point,  the  first  figure  of  the  root 
is  1.  To  get  the  second  figure,  we  find  that,  in  dividing 
200  by  20,  it  is  10.     This  is  evidently  too  large. 

Trying  9,  we  add  9  to  20,  and  multiply  29  by  9,  the  result 
is  261,  a  result  which  is  considerably  larger  than  200;  hence, 
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9  is  too  large.  In  the  same  way  it  is  found  that  8  is  also  too 
large.  Trying  7,  7  times  27  is  189,  a  result  smaller  than 
200 ;  therefore,  7  is  the  second  figure  of  the  root.  The  next 
two  figures,  3  and  2,  are  easily  found.  The  fifth  figure  in 
the  root  is  a  cipher,  since  the  trial  divisor  34,640  is  greater 
than  the  new  dividend  17,600.  In  a  case  of  this  kind,  we 
annex  another  cipher  to  34,640,  thereby  making  it  346,400, 
and  bring  down  the  next  period,  making  the  17,600, 1,760,000. 
The  next  figure  of  the  root  is  5,  and  as  we  now  have  five 
decimal  places,  we  will  stop. 

The  square  root  of  3  is,  then,  1.73205  +•     Ans. 

267*     Example. — What  is  the  square  root  of  .3  to  five  decimal 
places  ? 

root 

Solution.—      5  .300 00 00 00 0 {  ^ 4 7 7 2  +    Ans. 

_5  25 

100  500 

4  416 


104  8400 

4  7609 


1080  79100 

7  76629 


1087  247100 

7  219084 


10940  28016 

7 


10947 
7 

109540 
2 

109542 


Explanation. — In  the  above  example,  we  annex  a  cipher 
to  .3,  making  the  first  period  .30,  since  every  period  of  a 
decimal,  as  was  mentioned  before,  must  have  two  figures  in 
it.     The  remainder  of  the  work  should  be  perfectly  clear. 

268.  If  it  is  required  to  find  the  square  root  of  a  mixed 
number,    begin   at   the   decimal   point,    and   point  off   the 


g  2  ARITHMETIC.  31 

periods  both  ways.     The  manner  of  finding  the  root  will 
then  be  exactly  the  same  as  in  the  previous  cases. 

269«     Example.— What  is  the  square  root  of  258.2449  ? 


Solution.— 

1 

20 
6 

2'58.24'49(16.0  7    Ans. 

1 

158 
156 

26 
6 

22449 
22449 

3200 

7 

0 

3207 

Explanation. — In  the  above  example,  since  320  is  greater 
than  224,  we  place  a  cipher  for  the  third  figure  of  the  root, 
and  annex  a  cipher  to  320,  making  it  3,200.  Then,  bringing 
down  the  next  period  49,  7  is  found  to  be  the  fourth  figure 
of  the  root.  Since  there  is  no  remainder,  the  square  root  of 
258.2449  is  16.07.     Ans. 

)270.  Proof. — To  prove  square  root,  square  the  result 
obtained.  If  the  number  is  an  exact  power,  the  square  of  the 
root  will  equal  it;  if  it  is  not  an  exact  power,  the  square  of 
the  root  will  very  nearly  equal  it. 

271.  Rule. — \.  Begin  at  units  place,  and  separate  the 
number  into  periods  of  two  figures  each,  proceeding  from,  left 
to  right  with  the  decimal  part,  if  there  is  any, 

II.  Find  tlu  greatest  number  whose  square  is  contained  in 
the  first  or  left-hand  period.  Write  this  number  as  the  first 
figure  in  the  root;  also,  write  it  at  the  left  of  the  give?i 
number. 

Multiply  this  number  at  the  left  by  the  first  figure  of  the 
root,  and  subtract  the  result  from  the  first  period;  then  annex 
the  second  period  to  the  remainder, 

III.  Add  the  first  figure  of  the  root  to  the  number  in  the 
first  column  on  the  left,  and  annex  a  cipher  to  the  result;  this 
is  the  trial  divisor.     Divide  the  dividend  by  the  trial  divisor 
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for  the  second  figure  in  the  root^  and  add  this  figure  to  the 
trial  divisor  to  form  the  complete  divisor.  Multiply  the  com  • 
plete  divisor  by  the  second  figure  in  the  root^  and  subtract  this 
result  from  the  dividend.  (If  this  result  is  larger  than  the 
dividend^  a  smaller  number  must  be  tried  for  the  second  fig- 
ure of  the  root. )  Now  bring  down  the  third  period^  and 
annex  it  to  the  last  remainder  for  a  new  dividend.  Add 
the  second  figure  of  the  root  to  the  complete  divisor^  and  annex 
a  cipher  for  a  netv  trial  divisor. 

IV.  Continue  in  this  manner  to  the  last  period^  after 
which^  if  any  additional  places  in  the  root  are  required^  bring 
down  cipher  periods^  and  continue  the  operation. 

V.  If  at  any  time  the  trial  divisor  is  not  contained  in  the 
dividend^  place  a  cipher  in  the  root,  annex  a  cipher  to  the 
trial  divisor,  and  bring  dowfi  another  period. 

VI.  If  the  root  contains  an  interminable  decimal,  and  it 
is  desired  to  terminate  the  operation  at  some  point,  say,  the 
fourth  decimal  place,  carry  the  operation  one  place  further^ 
and  if  the  fifth  figure  is  5  or  greater,  increase  the  fotirth 
figure  by  1  and  omit  the  sign  +. 

272.  Short  Method. — If  the  number  whose  root  is  to 
be  extracted  is  not  an  exact  square,  the  root  will  be  an  in- 
terminable decimal.  It  is  then  usual  to  extract  the  root  to 
a  certain  number  of  decimal  places.  In  such  cases,  the  work 
may  be  greatly  shortened  as  follows:  Determine  to  how 
many  decimal  places  the  work  is  to  be  carried,  say  5,  for  ex- 
ample ;  add  to  this  the  number  of  places  in  the  integral  part 
of  the  root,  say  2,  for  example,  thus  determining  the  num- 
ber of  figures  in  the  root,  in  this  case  5  +  2  =  7.  Divide  this 
number  by  2  and  take  the  next  higher  number.  In  the 
above  case,  we  have  7-7-2  =  3^;  hence,  we  take  4,  the  next 
higher  number.  Now  extract  the  root  in  the  usual  manner 
until  the  same  number  of  figures  have  been  obtained  as  was 
expressed  by  the  number  obtained  above,  in  this  case  4. 
Then  form  the  trial  divisor  in  the  usual  manner,  but  omit- 
ting to  annex  the  cipher ;  divide  the  last  remainder  by  the  trial 
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divisor,  as  in  long  division,  obtaining  as  many  figures  of  the 
quotient  as  there  are  remaining  figures  of  the  root,  in  this 
case  7  —  4  =  3.  The  remainder  so  obtained  is  the  remain- 
ing figures  of  the  root. 

Consider  the  example  in  Art.  267.  Here  there  are  5  fig- 
ures in  the  root.  We  therefore  extract  the  root  to  3  places 
in  the  usual  manner,  obtaining  .547  for  the  first  three 
root  figures.  The  next  trial  divisor  is  1,094  (with  the 
cipher  omitted),  and  the  last  remainder  is  791.  Then,  791  -r- 
1,094  =  .723,  and  the  next  two  figures  of  the  root  are  72, 
the  whole  root  being  .54772-]-.  Always  carry  the  division 
one  place  further  than  desired,  and  if  the  last  figure  is  5  or 
greater,  increase  the  preceding  figure  by  1.  This  method 
should  not  be  used  unless  the  root  contains  five  or  more 
figures. 

Note. — If  the  last  figure  of  the  root  found  in  the  regular  manner  is  a 
cipher,  carry  the  process  one  place  further  before  dividing  as  described 
above. 


BXAMPLBS  FOR  PRACTICE. 


273*     Find  the  square  root  of 

(a)  186,624.       ^ 

(d)  2,050,624. 
(c)   29,855,296. 
{d)  .0116964. 

(e)  198.1869. 
(/)  994,009. 

(^)  2.375  to  four  decimal  places. 
{A)  1.625  to  three  decimal  places. 
(/)    .3025. 
(j)  .571428. 
(i)  .78126. 


Ans. 


(«) 
(^) 
W 
(^) 
(^) 
(/) 
(^) 
(A) 
(0 
U) 


432. 

1,432. 

5,464. 

.1081 -H. 

14.0761. 

997. 

1.5411. 

1.275. 

.55. 

.7559+. 
.8839. 


CUBE    ROOT. 

274.  In  the  same  manner  as  in  the  case  of  square  root, 
it  can  be  shown  that  the  periods  into  which  a  number  is 
divided,  whose  cube  root  is  to  be  extracted,  must  contain 
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three  figfures,  except  that  the  first  or  left-hand  period  of  a 
whole  or  mixed  number  may  contain  one,  two,  or  three 
figures. 

275*     Example.— What  is  the  cube  root  of  875,741,858.696  ? 


Solution.  — 

(1) 

(2) 

(3)                        rooi 

7 

49 

875'741'858'696(7216    Ans. 

7      • 

-98 

843 

14 

14700 

32741 

7 

424 

80248 

210       15124  2498858 

2         428  1557861 


212       1555200  936492696 

2  2161  986492696 


214       1557861 
2  2162 


2160      155952800 
1         129816 


2161      156082116 
1 


2162 
1 

21630 
6 

21636 


ExPLANATiox. —  Write  the  work  in  three  columns  as 
follows :  On  the  right  place  the  number  whose  cube  root  is  to 
be  extracted,  and  point  it  off  into  periods  of  three  figures  each. 
Call  this  column  (.3).  Find  the  largest  number  whose  cube 
is  less  than  or  equal  to  the  first  period,  in  this  case  7.  Write 
the  7  on  the  right,  as  shown,  for  the  first  figure  of  the  root, 
and  also  on  the  extreme  left  at  the  head  of  column  (1). 
Multiply  the  7  in  column  (1)  by  the  first  figure  of  the  root 
7,  and  write  the  product  49  at  the  head  of  column  (2). 
Multiply  the  number  in  column  (2)  by  the  first  figure  of  the 
root  7,  and  write  the  product  343  under  the  figures  in  the 
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first  period.  Subtract  and  bring  down  the  next  period,  ob- 
taining 32,741  for  the  dividend.  Add  the  first  figure  of  the 
root  to  the  number  in  column  (1),  obtaining  14,  which  call 
the  first  correction.  Multiply  the  first  correction  by  the 
first  figure  of  the  root,  add  the  product  to  the  number  in 
column  (2),  and  obtain  147.  Add  the  first  figure  of  the 
root  to  the  first  correction,  and  obtain  21,  which  call  the 
second  correction.  Annex  two  ciphers  to  the  number  in 
column  (2),  and  obtain  14,700  for  the  trial  divisor;  also,  annex 
one  cipher  to  the  second  correction,  and  obtain  210.     Divi- 

32741 
ding  the  dividend  by  the  trial  divisor,  we  obtain  =  2  -f , 

and  write  the  2  as  the  second  figure  of.  the  root.  Add  the 
2  to  the  second  correction,  and  obtain  212,  which,  multiplied 
by  the  second  figure  of  the  root,  and  added  to  the  trial 
divisor,  gives  15,124,  the  complete  divisor.  This  last  result, 
multiplied  by  the  second  figure  of  the  root  and  subtracted 
from  the  dividend,  gives  a  remainder  of  2,493.  Annexing 
the  third  period,  we  obtain  2,493,853  for  the  new  dividend. 
Adding  the  second  figure  of  the  root  to  the  number  in 
column  (1 ),  we  get  214  as  the  new  first  correction ;  this,  multi- 
plied by  the  second  figure  of  the  root  and  added  to  the  trial 
divisor,  gives  15,552.  Adding  the  second  figure  of  the  root 
to  the  first  new  correction  gives  216  as  the  second  new 
correction.  Annexing  two  ciphers  to  the  number  in  column 
(2)  gives  1,555,200,  the  new  trial  divisor.  Annexing  one 
cipher  to  the  second  new  correction  gives  2,160.  Divi- 
ding the  new  dividend  by  the  new  trial  divisor,  we  obtain 

=  1  -f-,  and  write  1  as  the  third  figure  of  the  root. 
looo^OO 

The  remainder  of  the  work  should  be  perfectly  clear  from 

what  has  preceded. 

276.  In  extracting  the  cube  root  of  a  decimal,  proceed 
as  above,  taking  care  that  each  period  contains  three  figures. 
Begin  the  pointing  off  at  the  decimal  point,  going  towards 
the  right.  If  the  last  period  does  not  contain  three  figures, 
annex  ciphers  until  it  does. 
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277.  £xAMPLB.~What  is  the  cube  root  of  .009120829  ? 

root 

Solution.—  2  4          .0  0  91  2  9'3  2  9  ( .2  0  9 

2  _8             8 

4  120000         1129329 

2  5481         1129329 

600  125481                0 

9 

609 

Explanation. — Beginning  at  the  decimal  point,  and  point- 
ing off  as  shown,  the  largest  number  whose  cube  is  less  than 
9  is  seen  to  be  2 ;  hence,  2  is  the  first  figure  of  the  root. 
When  finding  the  second  figure,  it  is  seen  that  the  trial  divi- 
sor 1,200  is  greater  than  the  dividend;  hence,  write  a  cipher 
for  the  second  figure  of  the  root ;  bring  down  the  next  period 
to  form  the  new  dividend ;  annex  two  ciphers  to  the  trial 
divisor  to  form  a  new  trial  divisor ;  also,  annex  one  cipher  to 
the  60  in  column  (1).     Dividing  the  new  dividend  by  the  new 

1129329 
trial  divisor,  we  get      ,)L.p.n.  =  ^  +,  ^^^  write  9  as  the  third 

figure  of  the  root.     Complete  the  work  as  before. 

278.  Example.— What  is  the  cube  root  of  78,292.892952  ? 

Solution.—  roo/ 

4  16  78'292.892'952    (42.78 

8  4800  14292 

4  244  10088 

120         5044  4204892 

2  248  3  7  6  6  4  8  3 

122         529200  438409952 

2  8869  438409952 

124         538069  0 

2  8918 

1260        54698700 

7  102544 

1267        54801244 

7 

1274 

7 

12810 

8 

12818 
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Explanation. — Since  we  have  a  mixed  number,  begin 
at  the  decimal  point  and  point  off  periods  of  three  figures 
each,  in  both  directions.  The  first  period  contains  but  two 
figures,  and  the  largest  number  whose  cube  is  less  than  78  is 
4;  consequently,  4  is  the  first  figure  of  the  root.  The  re- 
mainder of  the  work  should  be  perfectly  clear.  When  divi- 
ding the  dividend  by  the  trial  divisor  for  the  third  figure  of 
the  root,  the  quotient  was  8  + ;  but,  on  trying  it,  it  was  found 
that  8  was  too  large,  the  complete  divisor  being  considerably 
larger  than  the  trial  divisor.  Therefore,  7  was  used  instead 
of  8. 

279«     Example. — What  is  the  cube  root  of  5  to  five  decimal  places? 

Solution. —  root 

1  1  5.000'000'000'000'000(1.70997  + 
12  1 

2  3^00        4000 
1  259        3913 

SO         559  87000000 

_J7         308  78443829 

87         8670000      8556171000 
7  45981       7889992299 


44         8715981        666178701000 
7  46062        614014817973 


5100       876204300      52164388027 
9  461511 


5109       876665811 
9  461592 


5118       87712740300 
9  3590839 


51270     87716331189 
9 


51279 
9 

51288 
9 

512970 

7 

512977 
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Explanation. — In  the  preceding  example  we  annex  five 
periods  of  ciphers,  of  three  ciphers  each,  to  the  5  for  the 
decimal  part  of  the  root,  placing  the  decimal  point  between 
the  5  and  the  first  cipher.  Since  it  is  easy  to  see  that  the 
next  figure  of  the  root  will  be  5,  we  increase  the  last  figure 
by  1,  obtaining  1.70998  for  the  correct  root  to  5  decimal 
places.     Ans. 


2SO»     Example. — What  is  the  cube  root  of  .5  to  four  decimal 


places? 

Solution.— 

7 
7 

49 

98 

root 
.50  0'000'000'00  0(.798  7  + 
848 

14 

7 

14700 
1971 

157000 
150039 

210 
9 

2T9 
9 

228 


2370 
3 

2373 
3 

2376 
3 

23790 

7 

23797 


16671 
2052 

1872800 
7119 

1879419 
7128 

188654700 
166579 

188821279 


6961000 
5638257 

1322748000 
1321748953 

994047 


Explanation. — In  the  above  example  we  annex  two 
ciphers  to  the  .5  to  complete  the  first  period,  and  three 
periods  of  three  ciphers  each.  The  cube  root  of  500  is  7 ; 
this  we  write  as  the  first  figure  of  the  root.  The  remainder 
of  the  work  should  be  perfectly  plain  from  the  explanations 
of  the  preceding  examples. 
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2S1*     Example. — What  is  the  cube  root  of  .05  to  four  decimal 


places  ? 

Solution. — 

root 

8 
8 

9 

18 

.05  0'000'000'000(.3  0  84-f 
27 

6 

2700 

28000 

3 

570 

19656 

90        8276  8844000 

6         612  8180082 


96^       888800         168968000 
6  8704        162685604 


102        897504  1282496 

6  8768 


1080  40627200 
8  44176 

1088  40671876 
8 


1096 
8 

11040 
4 

11044 


282«  Proof. — To  prove  cube  root^  cube  the  result  ob- 
tained. If  the  given  number  is  an  exact  power ^  the  cube  of 
the  root  will  equal  it ;  if  not  an  exact  power  ^  the  cube  of  the 
root  will  very  nearly  equal  it, 

283.  Rule. — I.  Arrange  the  work  in  three  columns^ 
placing  the  number  whose  cube  root  is  to  be  extrcLCted  in  the 
third  or  right-hand  column.  Begin  at  units  place^  and  sep- 
arate the  number  into  periods  of  three  figures  each,  proceed- 
ing from,  the  decimal  point  towards  the  right  with  the 
decimal  part  ^  if  there  is  any, 

II.  Find  the  greatest  number  whose  cube  is  not  greater 
than  the  number  in  the  first  period.  Write  this  number  as 
the  first  figure  of  the  root ;  also^  write  it  at  the  head  of  the 
first  column.  Multiply  the  number  in  the  first  column  by  the 
first  figure  in  the  root^  and  write  the  result  in  the  second 
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column.  Multiply  the  number  in  the  second  column  by  the 
first  figure  of  the  root ;  subtract  the  product  from  the  first 
period^  and  annex  the  second  period  to  the  remainder  for  a 
new  dividend;  add  the  first  figure  of  the  root  to  the  number 
in  the  first  column  for  the  first  correction.  Multiply  the 
first  correction  by  the  first  figure  of  the  root^  and  add  the 
product  to  the  number  in  the  second  column.  Add  the  first 
figure  of  the  root  to  the  first  correction  to  form  the  second 
correction.  Annex  one  cipher  to  the  second  correction^  and 
two  ciphers  to  the  last  number  in  the  second  column  ;  the  last 
number  in  the  second  column  is  the  trial  divisor. 

III.  Divide  the  dividend  by  the  trial  divisor  to  find  the 
second  figure  of  the  root.  Add  the  second  figure  of  the  root 
to  the  number  in  the  first  column^  multiply  the  sum  by  the 
second  figure  of  the  root^  and  add  the  result  to  the  trial  divi- 
sor to  form  the  complete  divisor.  Multiply  the  complete  divi- 
sor by  the  second  figure  of  the  root^  subtract  the  result  from 
the  dividend  in  the  third  column^  and  annex  the  third  period 
to  the  remainder  for  a  new  dividend.  Add  the  second  figure 
of  the  root  to  the  number  in  the  first  column  to  form  the  first 
correction  ;  multiply  the  first  correction  by  the  second  figure 
of  the  rooty  and  add  the  product  to  the  complete  divisor.  Add 
the  second  figure  of  the  root  to  the  first  correction  to  form  the 
second  correction.  Annex  one  cipher  to  the  second  correction ^ 
and  tzuo  ciphers  to  the  last  number  in  the  second  column  to 
form  the  new  trial  divisor. 

IV.  If  there  are  more  periods  to  be  brought  down^  proceed 
as  before.  If  there  is  a  rcfnainder  after  the  root  of  the  last 
period  has  been  found^  annex  cipher  periods  ^  and  proceed  as 
before.      The  figures  of  the  root  thus  obtairied  will  be  decimals, 

V.  If  the  root  contains  an  interminable  decimal^  and  it  is 
desired  to  terminate  the  operation  at  some  pointy  say  the 
fourth  decimal  place^  carry  the  operation  one  place  further y 
and  if  the  fifth  figure  is  5  or  greater^  increase  the  fourth 
figure  by  1  and  omit  the  sign  +. 

284.  Art.  272  can  be  applied  to  cube  root  (or  any 
other  root)  as  well  as  to  square  root.     Thus,  in  the  example, 
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Art.  279»  there  are  to  be  5  +  1  =  6  figures  in  the  root. 
Extracting  the  root  in  the  usual  manner  to  6  -5-  2  =  3,  say  4 
figures,  we  get  for  the  first  four  figures  1,709.  The  last 
remainder  is  8,556,171,  and  the  next  trial  divisor,  with  the 
ciphers  omitted,  is  8,762,043.  Hence,  the  next  two  figures  of 
the  root  are  8,556,171  -h  8,762,043  =  .976,  say  .98.  Therefore, 
the  root  is  1.70998.  

ROOTS  OF  FRACTIONS. 
285.  If  the  given  number  is  in  the  form  of  a  fraction, 
and  it  is  required  to  find  some  root  of  it,  the  simplest  and 
most  exact  method  is  to  reduce  the  fraction  to  a  decimal 
and  extract  the  required  root  of  the  decimal.  If,  however, 
the  numerator  and  denominator  of  the  fraction  are  perfect 
powers,  extract  the  required  root  of  each  separately,  and 
write  the  root  of  the  numerator  for  a  new  numerator,  and 
the  root  of  the  denominator  for  a  new  denominator. 

2S6*     Example. — What  is  the  square  root  of  ^j  ? 

Solution.—  r  64  "^  "77^  =  *'    ^"^ 

2S7«     Example. — What  is  the  square  root  of  f  ? 
Solution.— Since  f  =  .625.   V7=  1^.635  =*.7906.    Ans. 

2SS*     Example. — ^What  is  the  cube  root  of  fj  ? 

«/27       4^21 

Solution. —  V  "aI  = =  f-    Ans. 

^    ^       f64 

2S9*     Example. — What  is  the  cube  root  of  ^  ? 

Solution.— Since  ^  =  .25,  -^  =  ^"^25'=  .62996  -h.    Ans. 

290«  Rule. — Extract  the  required  root  of  the  numerator 
and  denominator  separately  ;  or^  reduce  the  fraction  to  a  deci- 
mal and  extract  the  root  of  the  decimal. 
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291  •     Find  the  cube  root  of 

{b)  2  to  five  decimal  places. 

\c)  4.180,769,192.462  to  five  decimal  places. 

(/)  513,229.783302144  to  three  decimal  places. 


{b)  1.259924-. 
\c)  1,610.96238. 

{d)  .8862-h. 
(^e)  .7211+. 
(7)80.064. 


42  ARITHMETIC.  §  2 

TO   EXTRACT   OTHER    ROOTS   THAN   THE 

SQUARE   AND   CUBE   ROOTS. 
292.     Example.  —What  is  the  fourth  root  of  256  ? 
Solution.—  ^^^  =  16. 

^"16  =  4. 
Therefore,  ^^  =  4     Ans. 

In  this  example,  1/256,  the  index  is  4,  which  equals  2x2. 
The  root  indicated  by  2  is  the  square  root;  therefore,  the 
square  root  is  extracted  twice. 

293*     Example. — What  is  the  sixth  root  of  64  ? 

Solution. —  f/ 64  =8. 

f8  =  2. 
Therefore,  (/ 64=  2.     Ans. 

In  this  example,  1^64,  the  index  is  G,  which  equals  2X3. 
The  root  indicated  by  3  is  the  cube  root;  therefore,  the 
square  and  cube  roots  are  extracted  in  succession. 

294»  Rule. — Separate  the  index  of  the  required  root  into 
its  factors  (2's  and  3*s)^  and  extract  successively  the  roots  in- 
dicated by  the  several  fcu:tors  obtained.  The  final  result  will 
be  the  required  root. 

295.  Example.— What  is  the  sixth  root  of  92,873,580  to  two 
decimal  places  ? 

Solution. —  6  =  8  X  3-  Hence,  extract  the  cube  root,  and  then 
extract  the  square   root  of   the  result.     ^92,878,580  =  452.8601,  and 

|/452.8601  =  21. 28  -h .     Ans. 

296.  It  matters  not  which  root  is  extracted  first,  but  it 
is  probably  easier  and  more  exact  to  extract  the  cube  root 
first, 

EXAMPLES  FOR  PRACTICE. 

297.  Extract  the 

{a)     Fourth  root  of  100.  (  (a)    8.16227+. 

{b)     Fourth  root  of  3,049,800,625.        Ans.  \  (d)    235. 
{c)     Sixth  root  of  9,474,296,896.  (  (c)  46. 
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RATIO. 

298*  Suppose  that  it  is  desired  to  compare  two  num- 
bers, say  20  and  4.  If  we  wish  to  know  how  many  times 
larger  20  is  than  4,  we  divide  20  by  4  and  obtain  5  for  the 
quotient ;  thus,  20  -^  4  =  5.  Hence,  we  saCy  that  20  is  5 
times  as  large  as  4,  i.  e.,  20  contains  5  times  as  many  units 
as  4.  Again,  suppose  we  desire  to  know  what  part  of  20  is 
4.  We  then  divide  4  by  20  and  obtain  | ;  thus,  4  -f-  20  =  |, 
or  .2.  Hence,  4  is  ^  or  .2  of  20.  This  operation  of  compar- 
ing two  numbers  is  termed  finding  the  ratio  of  the  two  num- 
bers. Ratio,  then,  is  a  comparison.  It  is  evident  that  the 
two  numbers  to  be  compared  must  be  expressed  in  the 
same  unit;  in  other  words,  the  two  numbers  must  both 
be  abstract  numbers  or  concrete  numbers  of  the  same  kind. 
For  example,  it  would  be  absurd  to  compare  20  horses  with 
4  birds,  or  20  horses  with  4.  Hence,  ratio  may  be  de- 
fined as  a  comparison  between  two  numbers  of  the  same 
kind. 

299*  A  ratio  may  be  expressed  in  three  ways ;  thus,  if 
it  is  desired  to  compare  20  and  4,  and  express  this  compari- 
son as  a  ratio,  it  may  be  done  as  follows:  20-9-4;  20  :  4,  or 

20 

-J-.     All  three  are  read  the  ratio  of  20  to  A.     The  ratio  of 

4 

4  to  20  would   be   expressed   thus:    4-7-20;    4:20,   or  ~. 

20 

The  first  method  of  expressing  a  ratio,  although  correct,  is 
seldom  or  never  used ;  the  second  form  is  the  one  of tenest 
met  with,  while  the  third  is  rapidly  growing  in  favor,  and  is 
likely  to  supersede  the  second.  The  third  form,  called  the 
fractional  form,  is  preferred  by  modern  mathematicians, 
and  possesses  great  advantages  to  students  of  Algebra  and 
of  higher  mathematical  subjects.  The  second  form  seems 
to  be  better  adapted  to  arithmetical  subjects,  and  is  one  we 
shall  ordinarily  adopt.  There  is  still  another  way  of  express- 
ing a  ratio,  though  seldom  or  never  used  in  the  case  of  a 
simple  ratio  like  that  given  above.  Instead  of  the  colon,  a 
straight  vertical  line  is  used ;  thus,  20  |  4. 


J 
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300*  The  terms  of  a  ratio  are  the  two  numbers  to  be 
compared ;  thus,  in  the  above  ratio,  20  and  4  are  the  terms. 
When  both  terms  are  considered  together,  they  are  called  a 
couplet;  when  considered  separately,  the  first  term  is 
called  the  antecedent »  and  the  second  term  the  conse- 
quent. Thus,  in  the  ratio  20  :  4,  20  and  4  form  a  couplet, 
and  20  is  the  antecedent,  and  4  the  consequent. 

301*  A  ratio  may  be  direct  or  inverse.  The  direct 
ratio  of  20  to  4  is  20  :  4,  while  the  inverse  ratio  of  20  to  4  is 
4  :  20.  The  direct  ratio  of  4  to  20  is  4  :  20,  and  the  inverse 
ratio  is  20  :  4.  An  inverse  ratio  is  sometimes  called  a 
reciprocal   ratio.      The   reciprocal   of    a   number   is    1 

divided  by  the  number.     Thus,  the  reciprocal  of  17  isr^; 

of  f  is  1-j-f  =  5;  i.e.,  the  reciprocal  of  a  fraction  is  the 
fraction  inverted.     Hence,  the  inverse  ratio  of  20  to  4  may 

be  expressed  as  4  :  20,  or  as  —  :  — .     Both  have  equal  values; 

for,4^20  =  -J,andA-^Ulxi=f 

302.  The  term  vary  implies  a  ratio.  When  we  say 
that  two  numbers  vary  as  some  other  two  numbers,  we 
mean  that  the  ratio  between  the  first  two  numbers  is  the 
same  as  the  ratio  between  the  other  two  numbers. 

303.  The  value  of  a  ratio  is  the  result  obtained  by 
performing  the  division  indicated.  Thus,  the  value  of  the 
ratio  20:4  is  5,  it  is  the  quotient  obtained  by  dividing  the 
antecedent  by  the  consequent. 

304.  By  expressing  the  ratio  in  the  fractional  form,  for 

20 
example,  the  ratio  of  20  to  4  as  — -,  it  is  easy  to  see,  from 

the  laws  of  fractions,  that  if  both  terms  be  multiplied,  or 
both  divided  by  the  same  number,  it  will  not  alter  the  value 
of  the  ratio.     Thus, 

20  _  20  X  5  __  100  20  _  20-4-  4  _  5 

4  ~  4  X  5    ~  "20"^  T  ~  4  --  4    "  \' 
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305.  It  is  also  evident,  from  the  laws  of  fractions,  that 
multiplying  the  antecedent  or  dividing  the  consequent  mul- 
tiplies the  ratio ;  and  dividing  the  antecedent  or  multiplying 
the  consequent  divides  the  ratio. 

306.  When  a  ratio  is  expressed  in  words,  as  the  ratio  of 
20  to  4,  the  first  number  named  is  always  regarded  as  the 
antecedent  and  the  second  as  the  consequent,  without 
regard  to  whether  the  ratio  itself  is  direct  or  inverse.  IVhen 
not  otherwise  specified^  all  ratios  are  understood  to  be  direct. 
To  express  an  inverse  ratio,  the  simplest  way  of  doing  it  is 
to  express  it  as  if  it  were  a  direct  ratio,  with  the  first  num- 
ber named  as  the  antecedent,  and  then  transpose  the  ante- 
cedent to  the  place  occupied  by  the  consequent  and  the 
consequent  to  the  place  occupied  by  the  antecedent;  or  if 
expressed  in  the  fractional  form,  invert  the  fraction.  Thus, 
to  express  the  inverse  ratio  of  20  to  4,  first  write  it  20 : 4,  and 

20 
then,  transposing  the  terms,  as  4  :  20;  or  as  —,  and  then  in- 

4 
verting  as  — r.     Or,  the  reciprocals  of  the  numbers  may  be 

taken,  as  explained  above.     To  invert  a  ratio  is  to  trans- 
pose its  terms.  

BXAMPLBS  FOR  PRACTICE. 

307*     What  is  the  value  of  the  ratio  of 

{a)     98  to  49  ? 

$45  to  19? 

6ito}? 

3.5  to  4.5? 

The  inverse  ratio  of  76  to  19  ? 
{/)    The  inverse  ratio  of  49  to  98  ? 
(g)    The  inverse  ratio  of  18  to  24  ? 
(^)     The  inverse  ratio  of  9  to  15  ? 
(/)     The  ratio  of  10  to  3,  multiplied  by  3  ? 
ij)     The  ratio  of  35  to  49,  multiplied  by  7  ? 
{k)     The  ratio  of  18  to  64,  divided  by  9  ? 
(/)     The  ratio  of  14  to  28,  divided  by  5  ? 


Ans. 


(") 

2. 

(b) 

5. 

W 

12i. 

(.d) 

.77  J. 

W 

i- 

(/) 

2. 

(g) 

U- 

(.h) 

1». 

('■) 

10. 

(/) 

5. 

i.k) 

h- 

(.1) 

A- 

308*     Instead  of  expressing  the  value  of  a  ratio  by  a 
single  number,  as  above,  it  is  customary  to  express  it  by 
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means  of  another  ratio  in  which  the  consequent  is  1.    Thus, 

suppose  that  it  is  desired  to  find  the  ratio  of  the  weights  of 

two  pieces  of  iron,  one  weighing  45  pounds  and  the  other 

weighing  30  pounds.    The  ratio  of  the  heavier  to  the  lighter 

is  then  45  :  30,  an  inconvenient  expression.     Using  the  frac- 

45 
tional  form,  we  have  — .     Dividing  both  terms  by  30,  the 

consequent,  we  obtain  -p  or  1^  :  1.  This  is  the  same  result 
as  obtained  above,  for  1^  ~-  1  =  1^,  and  45  -r-  30  =  l^^. 

309.  A  ratio  may  be  squared,  cubed,  or  raised  to  any 

power,  or  any  root  of  it  may  be  taken.     Thus,  if  the  ratio  of 

two  numbers  is  105  :  63,  and  it  is  desired  to  cube  this  ratio, 

the  cube  may  be  expressed  as  105'  :  63*.     That  this  is  correct 

is  readily  seen ;  for,  expressing  the  ratio  in  the  fractional 

/  •.  u  105        ,,,         ,     .  /105\'     105"      ,^^.     ^^. 

form.  It  becomes -—-,  and  the  cube  IS  I -777- 1  =-— rj-=105   :  63. 

DO  \  "<>  /        oo 

Also,  if  it  is  desired  to  extract  the  cube  root  of  the  ratio 
105*  :  63*,  it  may  be  done  by  simply  dividing  the  exponents 
by  3,  obtaining  105  :  63.  This  may  be  proved  in  the  same 
way  as  in  the  case  of  cubing  the  ratio.     Thus,  105'  :  63*  = 

/lO^V        ^i//105\*      105       ,^^     ^^ 
^— j,andf(— j=_=105:6a 

310.  Since  (■^)*=  (|)',  it  follows  that  105*  :  63*  = 

5*  :  3*  (this  expression  is  read :  the  ratio  of  105  cubed  to  63 
cubed  equals  the  ratio  of  5  cubed  to  3  cubed),  and,  hence, 
that  the  antecedent  and  consequent  may  both  be  multiplied 
or  both  divided  by  the  same  number,  irrespective  of  any 
indicated  powers  or  roots,  without  altering  the  value  of  the 
ratio.  Thus,  24*  :  18'  =  4'  :  3'.  For,  performing  the  opera- 
tions indicated  by  the  exponents,  24'  =  576  and  18'  =  324. 
Hence,  576  :  324  =  IJ,  or  1 J  :  1.  Also,  4'  =  16  and  3'  =  9; 
hence,  16  :  9  =  1  J,  or  1 J  :  1,  the  same  result  as  before.   Also, 
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The  statement  may  be  proved  for  roots  in  the  same  man- 
ner. Thus,  f2?  :  ^'  =  i?T'  :  ^\  For  the  ^'  =  U 
and  f^'  =  18;  and,  24  :  18  =  H  or  li  :  1.  Also,  v^=  4 
and  f^  =  3;  4  :  3  =  li  or  IJ  :  1. 

Note. — If  the  numbers  composing  the  antecedent  and  consequent 

have  different  exponents,  or  if  different  roots  of  those  numbers  are 

indicated,  the  operations  described  in  Art.  310  cannot  be  performed. 

This  is  evident ;  for,  consider  the  ratio  4*  :  8*.     When  expressed  in  the 

4*  /4  \' 

fractional  form,  it  becomes  575,  which  cannot  be  expressed  either  £is  (  g-  j 

( ^  j  ,  and,  hence,  cannot  be  reduced  as  described  above. 


or  as 


PROPORTION. 

311.  Proportion  is  an  equality  of  ratios,  the  equality 
being  indicated  by  the  double  colon  ( : : )  or  by  the  sign  of 
equality  (  =  ).  Thus,  to  write  in  the  form  of  a  proportion 
the  two  equal  ratios,  8 :  4  and  6 :  3,  which  both  have  the  same 
value  2,  we  may  employ  one  of  the  three  following  forms : 

8  :  4  ::  6  :  3  (1) 

8:4  =  6:3  (2) 

^=^  (3) 

4      3  ^  ^ 

312.  The  first  form  is  the  one  most  extensively  used, 
by  reason  of  its  having  been  exclusively  employed  in  all  the 
older  works  on  mathematics.  The  second  and  third  fornis 
are  being  adopted  by  all  modern  writers  on  mathematical 
subjects,  and,  in  time,  will  probably  entirely  supersede  the 
first  form.  In  this  paper  we  shall  adopt  the  second  form, 
unless  some  statement  can  be  made  clearer  by  using  the 
third  form. 

313*  A  proportion  may  be  read  in  two  ways.  The  old 
way  to  read  the  above  proportion  was — S  is  to  Jf.  as  6  is  to  3  ; 
the  new  way  is — the  ratio  of  8  to  Jf  equals  the  ratio  of  6  to  3. 
The  student  may  read  it  either  way,  but  we  recommend  the 
latter. 

314.  Each  ratio  of- a  proportion  is  termed  a  couplet. 
In  the  above  proportion,  8 :  4  is  a  couplet,  and  so  is  G :  3. 
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315.  The  numbers  forming  the  proportion  are  called 
terms ;  and  they  are  numbered  consecutively  from  left  to 
right,  thus: 

first   second  third  fourth 

8:4=6:3 

Hence,  in  any  proportion,  the  ratio  of  the  first  term  to 
the  second  term  equals  the  ratio  of  the  third  term  to  the 
fourth  term. 

316*  The  first  and  fourth  terms  of  a  proportion  are 
called  the  extremes,  and  the  second  and  third  terms,  the 
means.  Thus,  in  the  foregoing  proportion,  8  and  3  are  the 
extremes  and  4  and  6  are  the  means. 

317.  A  direct  proportion  is  one  in  which  both 
couplets  are  direct  ratios. 

318.  An  inverse  proportion  is  one  which  requires 
one  of  the  couplets  to  be  expressed  as  an  inverse  ratio. 
Thus,  8  is  to  4  inversely  as  3  is  to  6  must  be  written  8  :  4= 
6  :  3 ;  i.  e. ,  the  second  ratio  (couplet)  must  be  inverted. 

319.  Proportion  forms  one  of  the  most  useful  sections 
of  Arithmetic.  In  our  grandfathers'  Arithmetics,  it  was 
called  **  The  rule  of  three." 

320.  Rule  I. — In  any  proportion^  *  the  product  of  the 
extremes  equals  the  product  of  the  means. 

•Thus,  in  the  proportion, 

17  :  51  =  14  :  42. 
17  X  42  =  51  X  14,  since  both  products  equal  714. 

321.  Rule  II. — The  product  of  the  extremes  divided  by 
either  mean  gives  the  other  mean. 

Example. — What  is  the  third  term  of  the  proportion  17  :  51  =     :  42  ? 
Solution. — Applying  rule  II,  17  X  42  =  714,  and  714  h-  51  =  14.  Ans. 

322.  Rule  III. — The  product  of  the  means  divided  by 
either  extreme  gives  the  other  extreme. 

Example. — What  is  the  first  term  of  the  proportion     :  51  =  14  :  42  ? 
Solution.— Applying    rule    III,   51x14  =  714,  and    714-*- 42  =  17. 
Ans. 
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323.  When-  stating  a  proportion  in  which  one  of  the 
terms  is  unknown,  represent  the  missing  term  by  a  letter, 
as  X,     Thus,  the  last  example  would  be  written, 

X  :  51  =  14  :  42 

and  for  the  value  of  x  we  have  x  = —  =  17. 

42 

324.  If  the  same  (addition  and  subtraction  excepted) 
operations  be  performed  upon  all  of  the  terms  of  a  propor- 
tion, the  proportion  is  not  thereby  destroyed.  In  other 
words,  if  all  of  the  terms  of  a  proportion  be  (1)  multiplied 
or  (2)  divided  by  the  same  number ;  (3)  if  all  the  terms  be 
raised  to  the  same  power;  if  (4)  the  same  root  of  all  the 
terms  be  taken,  or  (5)  if  both  couplets  be  inverted,  the  pro- 
portion still  holds.  We  will  prove  these  statements  by  a 
numerical  example,  and  the  student  can  satisfy  himself  by 
other  similar  ones.  The  fractional  form  will  be  used,  as  it 
is  better  suited  to  the  purpose.  Consider  the  proportion 
8:4  =  6:3.     Expressing  it  in  the  third  form,  it  becomes 

—  =  -..     What  we  are  to  prove  is  that,    if  any  of  the  five 

operations  enumerated  above  be  performed  upon  all  of  the 
terms  of  this  proportion,  the  first  fraction  will  still  equal 
the  second  fraction. 

8x7 

1.  Multiplying  all  the  terms  by  any  number,  say  7,  j jr 

6X7  56       42      ^,        56       . ,       .  ,    42      . 

=  3^r7'  ^'  28  =  21-  ^^^28  ^^^^^^^^X  ^^^^^^  2^  '^""^ 
the  value  of  either  ratio  is  2,  and  the  same  is  true  of  the 

original  proportion. 

8-^7 

2.  Dividing  all  the  terms  by  any  number,  say  7,  = 

^-^^  4lu^8       4^         ^6       3^.', 

3'3r7  '  ^^  4      i-     ^"^  7 -^  7  =  ^»  ^"^  7"^  7  "^  ' 

same  as  in  the  original  proportion. 

3.  Raising  all  the  terms  to  the  same  power,  say  the  cube, 

ji  =  -,.     This  is  evidently  true,  since  -,  =  ( -j  =  2*  =  8, 


and~  =  (|y=  2*  =  8  also. 
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4.  Extracting  the  same  root  of  all  the  terms,  say  the  cube 

root,  \^  =  jpr.     It   is  evident   that  this  is  likewise  true, 
f4       f.3 

^S         nfS        ,^  ^6         s/lJ         „    , 

smce^  =  ^  -  =  ^,  and  ^  =  ^-3  =  1^2  also. 

4      3 

5.  Inverting  both  couplets,  —  =  -^,  which   is  true,  since 

o      0 

both  equal  ^. 

325.  If  both  terms  of  either  couplet  be  multiplied  or 
both  divided  by  the  same  number,  the  proportion  is  not  de- 
stroyed. This  should  be  evident  from  the  preceding  article, 
and  also  from  Art.  304*  Hence,  in  any  proportion,  equal 
factors  may  be  canceled  from  the  terms  of  a  couplet,  before 
applying  rules  II  or  III.  Thus,  the  proportion  45:  9  =  x: 
7.1,  we  may  divide  both  terms  of  the  first  couplet  by  9  (that 
is,  cancel  9  from  both  terms),  obtaining  5: 1  =  ^r:  7. 1,  whence 
;r  =  7.1  X  5  -s-  1  =  35.5.      (See  note  in  Art.  310.) 

326.  The  principle  of  all  calculations  in  proportion  is 
this :  Three  of  the  terms  are  ahuays  given^  and  the  remain- 
ing one  is  to  be  found. 

327*  Example. — If  4  men  can  earn  $25  in  one  week,  how  much 
can  12  men  earn  in  the  same  time  ? 

Solution. — The  required  term  must  bear  the  same  relation  to  the 
given  term  of  the  same  kind  as  one  of  the  remaining  terms  bears  to 
the  other  remaining  term.  We  can  then  form  a  proportion  by  which 
the  required  term  may  be  found. 

The  first  question  the  student  must  ask  himself  in  every  calculation 
by  proportion  is  : 

"What  is  it  I  want  to  find  ?" 

In  this  case  it  is  dollars.  We  have  two  sets  of  men,  one  set  earning 
$25,  and  we  want  to  know  how  many  dollars  the  other  set  earns.  It  is 
evident  that  the  amount  12  men  earn  bears  the  same  relation  to  the 
amount  that  4  men  earn  as  13  men  bears  to  4  men.  Hence,  we  have  the 
proportion,  the  amount  12  men  earn  is  to  $25  as  12  men  is  to  4  men; 
or,  since  either  extreme  equals  the  product  of  the  means  divided  by  the 
other  extreme,  we  have 

The  amount  12  men  earn  :  $25  =  12  men  :  4  men, 

$25  X  12 
or  the  amount  12  men  earn  =  ''-^.  —  =  $75.     Ans. 
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Since  it  matters  not  which  place  x  or  the  required  term  occupies,  the 
problem  could  be  stated  as  any  of  the  following  forms,  the  value  of  jr 
being  the  same  in  each  : 

{a)    $25  :  the  amount    12  .men    earn  =  4  men  :  12  men  ;    or  the 

S25  X  12 

amount  12  men  earn  =  z ,  or  $75,   since  either  mean  equals 

4 

the  product  of  the  extremes  divided  by  the  other  mean. 

(d)     4  men  :  12  men  =  $25  :  the    amount  12  men  earn  ;    or    the 

S25  X  12 

amount  that  12  men  earn  = ^ ,  or    $75,    since  either  extreme 

4 

equals  the  product  of  the  means  divided  by  the  other  extreme. 

{c)     12    men  :  4    men  =  the    amount    12  men    earn  :  $25 ;    or   the 

amount  that  12  men  earn  =  ^ — j ,  or  $75,  since  either  mean  equals 

the  product  of  the  extremes  divided  by  the  other  mean. 

328.  If  the  proportion  is  an  inverse  one,  first  form  it 
as  though  it  were  a  direct  proportion,  and  then  invert  one 
of  the  couplets. 


BXAMPLBS  FOR  PRACTICE. 
329*     Find  the  value  of  x  in  each  of  the  following: 


(a)  $16  :  $64  ::  ;r  :  $4. 

(d)  x:Q6  ::  10  :  17. 
(c)  24  :  jr  ::  15  :  40. 

{d)  18  :  d4  ::  2  :  ;r.  Ans. 

(e)  $75  :  $100  =  jr  :  100. 
(/)  15pwt.  :  jr=21  :  10. 
(^)  jr:75yd.  =$15:$5. 


(a)  X  =  $1. 

(d)  .r  =  60. 
(c)  jr  =  64. 
{d)  ;r=10f 

(e)  •;r  =  76. 
(/)  ;r=7|pwt. 
{£)  jr=225yd. 


1.  If  75  pounds  of  lead  cost  $2.10,  what  would  125  pounds  cost  at 
the  same  rate  ?  Ans.  $3.50. 

2.  If  A  does  a  piece  of  work  in  4  days  and  B  does  it  in  7  days,  how 
long  will  it  take  A  to  do  what  B  does  in  63  days  ?  Ans.  86  days. 

3.  The  circumferences  of  any  two  circles  are  to  each  other  as  their 
diameters.  If  the  circumference  of  a  circle  7  inches  in  diameter  is 
22  inches,  what  will  be  the  circumference  of  a  circle  31  inches  in 
diameter  ?  Ans.  97f  inches. 


INVERSE   PROPORTION. 

330.  In  Art.  318,  an  inverse  proportion  was  defined 
as  one  which  required  one  of  the  couplets  to  be  expressed  as 
an  inverse  ratio.     Sometimes  the  word  inverse  occurs  in  the 
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statement  of  the  example  ;  in  such  cases  the  proportion 
can  be  written  directly,  merely  inverting  one  of  the  coup- 
lets. But  it  frequently  happens  that  only  by  carefully 
studying  the  conditions  of  the  example  can  it  be  ascertained 
whether  the  proportion  is  direct  or  inverse.  When  in  doubt, 
the  student  can  always  satisfy  himself  as  to  whether  the 
proportion  is  direct  or  inverse  by  first  ascertaining  what  is 
required,  and  stating  the  proportion  as  a  direct  proportion. 
Then,  in  order  that  the  proportion  may  be  true,  if  the  first 
term  is  smaller  than  the  second  term,  the  third  term  must 
be  smaller  than  the  fourth  ;  or  if  the  first  term  is  larger 
than  the  second  term,  the  third  term  must  be  larger  than 
the  fourth  term.  Keeping  this  in  mind,  the  student  can 
always  tell  whether  the  required  term  will  be  larger  or 
smaller  than  the  other  term  of  the  couplet  to  which  the  re- 
quired term  belongs.  Having  determined  this,  the  student 
then  refers  to  the  example,  and  ascertains  from  its  condi- 
tions whether  the  required  term  is  to  be  larger  or  smaller 
than  the  other  term  of  the  same  kind.  If  the  two  determi- 
nations agree,  the  proportion  is  direct;  otherwise,  it  is 
inverse,  and  one  of  the  couplets  must  be  inverted, 

331*     Example. — If  A's  rate  of  doing  work  is  to  B's  as  5  :  7,  and 
A  does  a  piece  of  work  in  42  days,  in  what  time  will  B  do  it  ? 

Solution. — The  required  term  is  the  number  of  days  it  will  take 
B  to  do  the  work.     Hence,  stating  as  a  direct  proportion, 

5  :  7  =  42  :  a-. 

Now,  since  7  is  greater  than  5,  x  will  be  greater  than  42.  But,  referring 
to  the  statement  of  the  example,  it  is  easy  to  see  that  B  works  faster 
than  A ;  hence  it  will  take  B  a  less  number  of  days  to  do  the  work  than 
A.     Therefore,  the  proportion  is  an  inverse  one,  and  should  be  stated 

5  :  7  =  ^  :  42, 

5  ^  42 
from  which  x  =  '• — ^ —  =  30  days.    Ans. 

< 

Had  the  example  been  stated  thus:  The  time  that  A  requires  to  do  a 

piece  of  work  is  to  the  time  that  B  requires,  as  5  :  7 ;  A  can  do  it  in  42 

days,  in  what  time  can  B  do  it  ?  it  is  evident  that  it  would  take  B  a 

longer  time  to  do  the  work  than  it  would  A;  hence,  .r would  be  greater 

7x42 
than  42,  and  the  proportion  would  be  direct,  the  value  of  x  being  — = — 

=  58.8  days. 


§  2  ARITHMETIC.  53 

BXAMPI.B8  FOR  PRACTICB. 
332*     Solve  th^foUowing : 

1.  If  a  pump  which  discharges  4  gal.  of  water  per  min.  can  fill  a 
tank  in  20  hr.,  how  long  will  it  take  a  pump  discharging  12  gal.  per  min. 
to  fill  it  ?  Ans.  6|  hr. 

2.  If  a  pump  discharges  00  gal.  of  water  in  20  hr.,  in  what  time  will 
it  discharge  144  gal.  ?  Ans.  83  hr. 

8.  If  50  cu.  ft.  of  air  weigh  4. 2  pounds  when  the  absolute  temperature 
is  562°,  what  will  be  the  absolute  temperature  when  the  same  volume 
weighs  5.8  pounds,  the  pressure  being  the  same  in  both  cases  ? 

Ans.  407°,  very  nearly. 

CAUSES  AND  EFFECTS. 

333.  Many  examples  in  proportion  may  be  more  easily 
solved  by  using  the  principle  of  cause  and  effect.  That 
which  may  be  regarded  as  producing  a  change  or  alteration 
in  something,  or  as  accomplishing  something,  may  be  called 
a  cause,  and  the  change  or  alteration,  or  thing  accom- 
plished, is  the  effect. 

334*  Like  causes  produce  like  effects.  Hence,  when  two 
causes  of  the  same  kind  produce  two  effects  of  the  same 
kind,  the  ratio  of  the  causes  equals  the  ratio  of  the  effects ; 
in  other  words,  the  first  cause  is  to  the  second  cause  as  the 
first  effect  is  to  the  second  effect.  Thus,  in  the  question,  if 
3  men  can  lift  1,400  pounds,  how  many  pounds  can  7  men 
lift  ?  we  call  3  men  and  7  men  the  causes  (since  they  accom- 
plish something,  viz.,  the  lifting  of  the  weight),  the  number 
of  pounds  lifted,  viz.,  1,400  pounds  and  x  pounds,  are  the 
effects.  If  we  call  3  men  the  first  cause,  1,400  pounds  is  the 
first  effect;  7  men  is  the  second  cause,  and  x  pounds  is 
the  second  effect.     Hence,  we  may  write 

1st  cause    2d  cause  1st  effect         2d  effect 

3        :        7       =       1,400       :       x, 

7x1  400 
whence  x  = ^r^ =  3,266f  pounds. 

The  principle  of  cause  and  effect  is  extremely  useful  in 
the  solution  of  examples  in  compound  proportion,  as  we 
shall  now  show. 
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COMPOUND  PROPORTION- 

335«  All  the  cases  of  proportion  so  •far  considered  have 
been  cases  of  simple  proportion;  i.  e.,  each  term  has 
been  composed  of  but  one  number.  There  are  many  cases, 
however,  in  which  two  or  all  of  the  terms  have  more  than 
one  number  in  them ;  all  such  cases  belong  to  compound 
proportion.  In  all  examples  in  compound  proportion, 
both  causes  or  both  effects  or  all  four  consist  of  more  than 
two  numbers.     We  will  illustrate  this  by  an 

Example. — If  40  men  earn  $1,280  in  IG  days,  how  much  will  86  men 
earn  in  81  days  ? 

Solution. — Since  40  men  earn  something,  40  men  is  a  cause,  and 
since  they  take  16  days  in  which  to  earn  something,  16  days  is  also  a 
cause.  For  the  same  reason,  86  men  and  81  days  are  also  causes.  The 
effects,  that  which  is  earned,  are  1,280  dollars  and  x  dollars.  Then, 
40  men  and  16  days  make  up  the  first  cause,  and  86  men  and  81  days 
make  up  the  second  cause.  $1,280  is  the  first  effect  and  $,r  is  thersecond 
effect.     Hence,  we  write 

1st  cause  Qd  cause      1st  effect  Sd  effect 

Now,  instead  of  using  the  colon  to  express  the  ratio,  we  shall  use  the 
vertical  line  (see  Art.  299),  and  the  above  becomes 

16  81  =  ^'^^         •*"• 

In  the  last  expression,  the  product  of  all  of  the  numbers  included 
between  the  vertical  lines  must  equal  the  product  of  all  the  numbers 
without  them;  i.  e.,  36  X  31  X  1,280  =  40  X  16  X  ^•. 

2 

Or.  =  ?i><^^#??  =  §2.282.    Ans. 

336*  The  above  might  have  been  solved  by  canceling 
factors  of  the  numbers  in  the  original  proportion.  For  if 
any  number  within  the  lines  has  a  factor  common  to  any 
number  without  the  lines,  that  factor  may  be  canceled  from 
both  numbers.     Thus, 

2 
^0      36         _       ^P 

;^    31      -   im 

16  is  contained  in  1,280,  80  times.     Cancel  1(3  and  1,280,  and 


r^ 
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write  80  above  1,280.  40  is  contained  in  80,  2  times.  Cancel 
40  and  80  and  write  2  above  80.  Now,  since  there  are  no 
more  numbers  that  can  be  canceled,  ;r  =  36  X  31  X  2  = 
$2,232,  the  same  result  as  was  obtained  in  the  last  article. 

337.  Rule. —  Write  all  the  numbers  forming  the  first 
cause  in  a  vertical  column^  and  draw  a  vertical  line ;  on  the 
other  side  of  this  line  ivrite  in  a  vertical  column  all  of  the 
numbers  forming  the  second  cause.  Write  the  sign  of 
equality  to  the  right  of  the  second  column^  and  on  the  right 
of  this  form  a  third  column  of  the  numbers  composing  the 
first  effect y  drawi?ig  a  vertical  line  to  the  right ;  on  the  other 
side  of  this  line^  write^  for  a  fourth  column^  the  numbers 
composing  the  second  effect.  There  tnust  be  as  many  numbers 
in  the  second  cause  as  in  the  first  cause^  and  in  the  second 
effect  as  in  the  first  effect ;  hence ^  if  any  term  is  wanting, 
write  X  in  its  place.  Multiply  together  all  of  the  numbers 
within  the  vertical  lines,  and  also  all  those  without  the  lines 
(canceling  previously,  if  possible'),  and  divide  the  product  of 
those  ftumbers  which  do  not  contain  x  by  the  product  of  the 
others  in  which  x  occurs,  and  the  result  will  be  the  value  of  x. 

Example. — If  40  men  can  dig  a  ditch  720  feet  long,  5  feet  wide,  and 
4  feet  deep  in  a  certain  time,  how  long  a  ditch  6  feet  deep  and  8  feet 
wide  could  24  men  dig  in  the  same  time  ? 

Solution. — Here  40  men  and  24  men  are  the  causes  and  the  two 
ditches  are  the  effects.     Hence, 


i9 


24     = 


m 

6 
4 


?l  whence,  jr=24x5x4  =  480  feet.     Ans. 


Example. — The  volume  of  a  cylinder  varies  directly  as  its  length 
and  directly  as  the  square  of  its  diameter.  If  the  volume  of  a  cylinder 
10  inches  in  diameter  and  20  inches  long  is  1,570.8  cubic  inches,  what  is 
the  volume  of  another  cylinder  16  inches  in  diameter  and  24  inches  long  ? 

Solution. — In  this  example,  either  the  dimensions  or  the  volumes 
may  be  considered  the  causes;  say  we  take  the  dimensions  for  the 
causes.     Then,  ^uaring  the  diameters, 


10* 
20 


24*  =  1,670.8 


.r,     or 


100 

256 

?0 

U 

5 

6 

=     1,670.8 


X' 


Whence,  ^-2^^X^X1,670.8^ 4.826.4976  cubic  inches. 


Ans. 
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Example. — If  a  block  of  granite  8  ft.  long,  5  ft.  wide,  and  3  ft.  thick 
weighs  7,200  lb.,  what  will  be  the  weight  of  a  block  of  granite  13  ft. 
long,  8  ft.  wide,  and  5  ft.  thick  ? 

Solution. — Taking  the  weights  as  the  effects,  we  have 


.r,  or  .r  =  4  X  7,200  =  28,800  pounds.     Ans. 


.Example. — If  13  compositors  in  80  days  of  10  hours  each  set  up  35 
sheets  of  16  pages  each,  32  lines  to  the  page,  in  how  many  days  8  hours 
long  can  18  compositors  set  up,  in  the  same  type,  64  sheets  of  12  pages 
each,  40  lines  to  the  page  ? 

Solution. — Here  compositors,  days,  and  hours  compose  the  causes, 
its,  pages,  and  lines  the  effects.     Hence, 


? 

4 

If 

? 

9  =  7,200 

f 

^ 

8 
10 


? 

;? 


f 


2 


J?,  or  X  =  3  X  10  X  2  =  00  days.     Ans. 
i 
^0 


338.  In  examples  stated  like  the  second  in  Art.  337, 
should  an  inverse  proportion  occur,  write  the  various  num- 
bers as  in  the  preceding  examples,  and  t-hen  transpose  those 
numbers  which  are  said  to  vary  inversely  from  one  side  of 
the  vertical  line  to  the  other  side. 

Example. — The  centrifugal  force  of  a  revolving  body  varies  directly 
as  its  weight,  as  the  square  of  its  velocity,  and  inversely  as  the  radius  of 
the  circle  described  by  the  center  of  the  body.  If  the  centrifugal  force 
of  a  body  weighing  15  pounds  is  187  pounds  when  the  body  revolves  in 
a  circle  having  a  radius  of  12  inches,  with  a  velocity  of  20  feet  per  sec- 
ond, what  will  be  the  centrifugal  force  of  the  same  body  when  the  radius 
is  increased  to  18  inches  and  the  speed  is  increased  to  24  feet  per  second  ? 

Solution. — ^Calling  the  centrifugal  force  the  effect,  we  have 


15 

20« 

12 


15 
24^ 

18 


=     187 


X. 


Transposing  12  and  18  (since  the  radii  are  to  vary  inversely)  and 
squaring  20  and  24, 


25 

m 

18 


2 

d^  =  187 

12 


jr,  or  jr  = 


12x2x187 
25 


=  179.52  pounds.      Ans. 
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BXAMPLBS  FOR  PRACTICE. 

339*     Solve  the  following  by  compound  proportion  : 

1.  If  12  men  dig  a  trench  40  rods  long  in  24  days  of  10  hours  each, 
how  many  rods  can  16  men  dig  in  18  da/s  of  9  hours  each  ? 

Ans.  86  rods. 

2.  If  a  piece  of  iron  7  ft.  long,  4  in.  wide,  and  6  in.  thick  weighs  600 
lb.,  how  much  will  a  piece  of  iron  weigh  that  is  16  ft.  long,  8  in.  wide, 
and  4  in.  thick  ?  Ans.  1,828|  lb. 

3.  If  24  men  can  build  a  wall  72  rods  long,  6  feet  wide,  and  5  feet 
high  in  60  days  of  10  hours  each,  how  many  days  will  it  take  82  men  to 
build  a  wall  96  rods  long,  4  feet  wide,  and  8  feet  high,  working  8  hours 
a  day  ?  Ans.  80  days. 

4  The  horsepower  of  an  engine  varies  as  the  mean  effective  pres- 
sure, as  the  piston  speed,  and  as  the  square  of  the  diameter  of  the  ' 
cylinder.  If  an  engine  having  a  cylinder  14  inches  in  diameter  develops 
112  horsepower  when  the  mean  effective  pressure  is  48  pounds  per 
square  inch  and  the  piston  speed  is  500  feet  per  minute,  what  horse- 
power will  another  engine  develop  if  the  cylinder  is  16  inches  in 
diameter,  piston  speed  is  600  feet  per  minute,  and  mean  effective 
pressure  is  56  pounds  per  square  inch  ?  Ans.  204.8  horsepower. 

5.  Referring  to  the  second  example  in  Art.  337,  what  will  be  the 
volume  of  a  cylinder  20  inches  in  diameter  and  24  inches  long  ? 

Ans.  7,539.84  cubic  inches. 

6.  Knowing  that  the  product  of  3x5x7x9  is  945,  what  is  the 
product  of  6  X  15  X  14  X  86  ?  Ans.  45,860. 

7.  An  engine  of  15  horsepower  can  pump  out  f  of  the  water  con- 
tained in  a  sump  by  working  8  hours  per  day  for  9  days.  In  how 
many  days  of  12  hours  could  an  engine  of  16  horsepower  perform  the 
remainder  of  the  work  ?  Ans.  8f  days. 

8.  If  8  men  can  make  a  mining  (bearing  in)  112  feet  long,  1  foot 
high  at  the  front,  and  4  feet  deep  in  a  longwall  face  in  7  hours,  how 
many  men  will  be  required  to  make  a  mining  80  feet  long  in  the  same 
face  in  5  hours,  if  the  mining  must  be  1.3  feet  at  the  front  and  5  feet 
deep  ?  Ans.  13  days. 


FORMULAS. 


340«  The  term  formula,  as  used  in  mathematics  and 
in  technical  books,  may  be  defined  as  a  rule  in  which  symbols 
are  used  instead  of  words  ;  in  fact,  a  formula  may  be  regarded 
as  a  shorthand  method  of  expressing  a  rule.  Any  formula 
can  be  expressed  in  words,  and  when  so  expressed  it  becomes 
a  rule. 

Formulas  are  much  more  convenient  than  rules;  they 
show  at  a  glance  all  the  operations  that  are  to  be  performed ; 
they  do  not  require  to  be  read  three  or  four  times,  as  is  the 
case  with  most  rules,  to  enable  one  to  understand  their 
meaning;  they  take  up  much  less  space,  both  in  the  printed 
book  and  in  one's  note-book,  than  rules;  in  short,  whenever 
a  rule  can  be  expressed  as  a  formula,  the  formula  is  to  be 
preferred. 

As  the  term  **  quantity  "  is  a  very  convenient  one  to  use, 
we  will  define  it.  In  mathematics,  the  word  quantity  is 
applied  to  anything  that  it  is  desired  to  subject  to  the  ordi- 
nary operations  of  addition,  subtraction,  multiplication,  etc., 
when  we  do  not  wish  to  be  more  specific  and  state  exactly 
what  the  thing  is.  Thus,  we  can  say  **two  or  more  num- 
bers," or  **two  or  more  quantities";  the  word  quantity  is 
more  general  in  its  meaning  than  the  word  number. 

341.  The  signs  used  in  formulas  are  the  ordinary  signs 
indicative  of  operations,  and  the  signs  of  aggregation.  All 
these  signs  are  explained  in  arithmetic,  but  some  of  them 
will  here  be  explained  in  order  to  refresh  the  student's 
memory. 

g3 
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The  signs  indicative  of  operations  are  six  in  number,  viz. : 

Division  is  indicated  by  the  sign  -^,  or  by  placing  a  straight 
line  between  the  two  quantities.  Thus,  25  |  17,  25  /  17, 
and  14  all  indicate  that  25  is  to  be  divided  by  17.  When 
both  quantities  are  placed  on  the  same  horizontal  line,  the 
straight  line  indicates  that  the  quantity  on  the  left  is  to 
be  divided  by  that  on  the  right.  When  one  quantity  is 
below  the  other,  the  straight  line  between  indicates  that 
the  quantity  above  the  line  is  to  be  divided  by  the  one 
below  it. 

The  sign  (^)  indicates  that  some  root  of  the  quantity  to 
the  right  is  to  be  taken ;  it  is  called  the  radical  sisn.  To 
indicate  what  root  is  to  be  taken,  a  small  figure,  called  the 
index,  is  placed  within  the  sign,  this  being  always  omitted 
when  the  square  root  is  to  be  indicated.  Thus,  j^25  indi- 
cates that  the  square  root  of  25  is  to  be  taken ;  ^  25  indicates 
that  the  cube  root  of  25  is  to  be  taken ;  etc. 

The  signs  of  aggregation  are  four  in  number;  viz., , 

( ),  [  ],  and  1  },  respectively  called  the  vinculum,  the  pa- 
rcntliesis,  the  brackets,  and  the  brace ;  they  are  used 
when  it  is  desired  to  indicate  that  all  the  quantities  in- 
cluded by  them  are  to  be  subjected  to  the  same  operation. 
Thus,  if  we  desire  to  indicate  that  the  sum  of  5  and  8  is  to 
be  multiplied  by  7,  and  we  do  not  wish  to  actually  add 
5  and  8  before  indicating  the  multiplication,  we  may  employ 
anyone  of  the  four  signs  of  aggregation  as  here  shown: 
6~+S  X  7,  (5  +  8)  X  7,  [5  +  8]  X  7,  {  5  +  8  }  X  7.  The  vin- 
culum is  placed  above  those  quantities  which  are  to  be  treated 
as  one  quantity  and  subjected  to  the  same  operations. 

While  any  one  of  the  four  signs  may  be  used  as  shown 
above,  custom  has  restricted  their  use  somewhat.  The 
vinculum  is  rarely  used  except  in  connection  with  the  radical 
sign.  Thus,  instead  of  writing  f/  (5  +  ^),  ^'  [5  +  8],  or 
l*/{5  +  8S  for  the  cube  root  of  5  plus  8,  all  of  which  would 
be  correct,  the  vinculum  is  nearly  always  used,  4/5  -\-  8. 

In  cases  where  but  one  sign  of  aggregation  is  needed  (ex- 
cept, of  course,  when  a  root  is  to  be  indicated),  the  parenthesis 
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is  always  used.  Hence,  (5  +  8)  X  7  would  be  the  usual  way 
of  expressing  the  product  of  5  plus  8,  and  7. 

If  two  signs  of  aggregation  are  needed,  the  brackets  and 
parenthesis  are  used,  so  as  to  avoid  having  a  parenthesis 
within  a  parenthesis,  the  brackets  being  placed  outside.  For 
example,  [(20  —  5)  -j-  3]  X  9  means  that  the  difference  be- 
tween 20  and  5  is  to  be  divided  by  3,  and  this  result  multi- 
plied by  9. 

If.  three  signs  of  aggregation  are  required,  the  brace, 
brackets,  and  parenthesis  are  used,  the  brace  being  placed 
outside,  the  brackets  next,  and  the  parenthesis  inside.  For 
example,  { [(20  ~  5)  -4-  3]  X  9  —  21  j  -^  8  means  that  the 
quotient  obtained  by  dividing  the  difference  between  20 
and  5  by  3  is  to  be  multiplied  by  9,  and  that  after  21  has 
been  subtracted  from  the  product  thus  obtained,  the  result 
is  to  be  divided  by  8. 

Should  it  be  necessary  to  use  all  four  of  the  signs  of  aggre- 
gation, the  brace  would  be  put  outside,  the  brackets  next,  the 
parenthesis  next,  and  the  vinculum  inside.  For  example, 
{ [(20  -5^3)  X  9-  21]  -7-8}  X  12. 

As  stated  in  arithmetic,  when  several  quantities  are  con- 
nected by  the  various  signs  indicating  addition,  subtraction, 
multiplication,  and  division,  the  operation  indicated  by  the 
sign  of  multiplication  must  always  be  performed  first.  Thus, 
2  +  3x4  equals  14,  3  being  multiplied  by  4,  before  adding 
to  2.  Similarly,  10  -r-  2  X  5  equals  1,  since  2x5  equals  10, 
and  10  -T-  10  equals  1.  Hence,  in  the  above  case,  if  the  brace 
were  omitted,  the  result  would  be  ^,  whereas,  by  inserting 
the  brace,  the  result  is  36. 

Following  the  sign  of  multiplication  comes  the  sign  of 
division  in  order  of  importance.  For  example,  5  —  9  -h  3 
equals  2,  9  being  divided  by  3  before  subtracting  from  5. 
The  signs  of  addition  and  subtraction  are  of  equal  value ; 
that  is,  if  several  quantities  are  connected  by  plus  and  minus 
signs,  the  indicated  operations  may  be  performed  in  the 
order  in  which  the  quantities  are  placed. 

There  is  one  other  sign  used,  which  is  neither  a  sign  of 
aggregation  nor  a  sign  indicative  of   an  operation   to   be 
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performed;  it  is  (  =  ),  and  is  called  the  sign  of  equality  ;  it 
means  that  all  on  one  side  of  it  is  exactly  equal  to  all  on  the 
other  side.     For  example,  2=2,  5  —  3  =  2,  5x  (14— 9)  =  25. 

342.  Having  called  particular  attention  to  certain  signs 
used  in  formulas,  the  formulas  themselves  will  now  be  ex- 
plained. First,  consider  the  well-known  rule  for  finding  the 
horsepower  of  a  steam-engine,  which  may  be  stated  as  follows : 

Divide  the  continued  product  of  the  mean  effective  pressure 
in  pounds  per  square  inch^  the  lettgth  of  the  stroke  in  feet  ^  J  he 
area  of  the  piston  in  square  inches^  and  the  number  of  strokes 
per  minute^  by  33^000 ;  the  result  will  be  the  horsepower. 

This  is  a  very  simple  rule,  and  very  little,  if  anything, 
will  be  saved  by  expressing  it  as  a  formula,  so  far  as  clear- 
ness is  concerned.  The  formula,  however,  will  occupy  a 
great  deal  less  space,  as  we  shall  show. 

An  examination  of  the  rule  will  show  that  four  quantities 
(viz.,  the  mean  effective  pressure,  the  length  of  the  stroke, 
the  area  of  the  piston,  and  the  number  of  strokes)  are  riiul- 
tiplied  together,  and  the  result  is  divided  by  33,000.  Hence, 
the  rule  might  be  expressed  as  follows : 

• 

mean  effective  pressure  stroke 

Horsepower  = ,.  ,  ^        •     un  X  ..     ^     ^v  X 

^  (in  pounds  per  square  inch)      (in  feet) 

area  of  piston         number  of  strokes      ^^  -^^ 
y.  •     u     \  X        ,  •      4.  \        ■*-  0.1,000. 

(in  square  inches)  (per  minute) 

This  expression  could  be  shortened  by  representing  each 

quantity  by  a  single  letter;    thus,  representing  horsepower 

by  the  letter   **//,"  the  mean  effective  pressure  in  pounds 

per  square  inch  by  **/*,"  the  length  of  stroke  in  feet  by  **Z,'* 

the  area  of  the  piston  in  square  inches  by  *'^,"  the  number 

of  strokes  per  minute  by  **i¥,"and  substituting  these  letters 

for  the  quantities  that  they  represent,  the  above  expression 

would  reduce  to 

PXLXA xN 


H  = 


33,000 


a  much  simpler  and  shorter  expression.     This  last  expres- 
sion is  called  3l  formula. 
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The  formula  just  given  shows,  as  we  stated  in  the  begin- 
ning, that  a  formula  is  really  a  shorthand  method  of  ex- 
pressing a  rule.  It  is  customary,  however,  to  omit  the  sign 
of  multiplication  between  two  or  more  quantities  when  they 
are  to  be  multiplied  together,  or  between  a  number  and  a 
letter  representing  a  quantity,  it  being  always  understood 
that,  when  two  letters  are  adjacent  with  no  sign  between 
them,  the  quantities  represented  by  these  letters  are  to  be 
multiplied.  Bearing  this  fact  in  mind,  the  formula  just 
given  can  be  further  simplified  to 

PLAN 
"■     33,000  * 

The  sign  of  multiplication,  evidently,  can  not  be  omitted 
between  two  or  more  numbers,  as  it  would  then  be  impos- 
sible to  distinguish  the  numbers.  A  near  approach  to  this, 
however,  may  be  attained  by  placing  a  dot  between  the 
numbers  which  are  to  be  multiplied  together,  and  this  is 
frequently  done  in  works  on  mathematics  when  it  is  desired 
to  economize  space.  In  such  cases  it  is  usual  to  put  the  dot 
higher  than  the  position  occupied  by  the  decimal  point. 
Thus,  2-3  means  the  same  as  2  X  3;  542-749.1,006  indicates 
that  the  nu  nbers  542,  749,  and  1,006  are  to  be  multiplied 
together. 

It  is  also  customary  to  omit  the  sign  of  multiplication  in 
expressions  similar  to  the  following:  ^?  X  4/^  +  ^,  3  X  (^  +  ^), 
{J>-\-c)  X  ^,  etc. ,  writing  them  ^  4/^  +  r,  3  (^  +  ^),  (b  +  c)  a^ 
etc.  The  sign  is  not  omitted  when  several  quantities  are 
included  by  a  vinculum,  and  it  is  desired  to  indicate  that 
the  quantities  so  included  are  to  be  multiplied  by  another 
quantity.  For  example,  3x*  +  ^,  b  +  c  x  a^  ^b-\-c  x  ^, 
etc.,  are  always  written  as  here  printed. 

343.  Before  proceeding  further,  we  will  explain  one 
other  device  that  is  used  by  formula  makers  and  which  is 
apt  to  puzzle  one  who  encounters  it  for  the  first  time — it  is 
the  use  of  what  mathematicians  call  primes  and  subs,^  and 
what  printers  call  superior  and  inferior  characters.  As  a 
rule,   formula  makers  designate  quantities    by  the   initial 
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letters  of  the  names  of  the  quantities.  For  example,  they 
represent  volume  by  v,  pressure  by  /,  height  by  A,  etc. 
This  practice  is  to  be  commended,  as  the  letter  itself  serves 
in  many  casefi  to  identify  the  quantity  which  it  represents. 
Some  authors  carry  the  practice  a  little  further,  and  repre- 
sent all  quantities  of  the  same  nature  by  the  same  letter 
throughout  the  book,  always  having  the  same  letter  repre- 
sent the  same  thing.  Now,  this  practice  necessitates  the 
use  of  the  primes  and  subs,  above  mentioned,  when  two 
quantities  have  the  same  name  but  represent  different  things. 
Thus,  consider  the  word  pressure  as  applied  to  steam,  at  dif- 
ferent stages  between  the  boiler  and  the  condenser.  First, 
there  is  absolute  pressure,  which  is  equal  to  the  gauge  pres- 
sure in  pounds  per  square  inch  plus  the  pressure  indicated 
by  the  barometer  reading  (usually  assumed  in  practice  to  be 
14.7  pounds  per  square  inch,  when  a  barometer  is  not  at 
hand).  If  this  be  represented  by  /,  how  shall  we  represent 
the  gauge  pressure  ?  Since  the  absolute  pressure  is  always 
greater  than  the  gauge  pressure,  suppose  we  decide  to  repre- 
sent it  by  a  capital  letter,  and  the  gauge  pressure  by  a  small 
(lower-case)  letter.  Doing  so,  P  represents  absolute  pres- 
sure, and  /,  gauge  pressure.  Further,  there  is  usually  a 
**drop"  in  pressure  between  the  boiler  and  the  engine,  so 
that  the  initial  pressure,  or  pressure  at  the  beginning  of  the 
stroke,  is  less  than  the  pressure  at  the  boiler.  How  shall 
we  represent  the  initial  pressure  ?  We  may  do  this  in  one 
of  three  ways  and  still  retain  the  letter/  or  P  to  represent 
the  word  pressure :  First,  by  the  use  of  the  prime  mark ; 
thus,  /'  or  F  (read  /  prime  and  P  7najor  prune)  may  be  con- 
sidered to  represent  the  initial  gauge  pressure,  or  the  initial 
absolute  pressure.  Second,  by  the  use  of  sub.  figures;  thus, 
/>,  or  P^  (read  /  sub.  one  and  P  major  sub.  one).  Third,  by 
the  use  of  sub.  letters ;  thus,  pi  or  P^  (read  /  sub.  i  and  P 
major  sub.  i).  In  the  same  manner  p"  (read  /  second)^  p^^  or 
pr  might  be  used  to  represent  the  gauge  pressure  at  release, 
etc.  The  sub.  letters  have  the  advantage  of  still  further 
identifying  the  quantity  represented;  in  many  instances, 
however,  it  is  not  convenient  to  use  them,  in  which  case 
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primes  and  subs,  are  used  instead.  The  prime  notation 
may  be  continued  as  follows:  /'",  /"',  p"^  etc.;  it  is  inad- 
visable to  use  superior  figures,  for  example,  /*,  /*,  /*,  /", 
etc.,  as  they  are  liable  to  be  mistaken  for  exponents. 

The  main  thing  to  "be  remembered  by  the  student  is  that 
wAen  a  formula  is  given  imvhich  the  same  letters  occur  sev- 
eral times^  all  like  letters  having  the  same  primes  or  subs, 
represent  the  same  quantities^  while  those  which  differ  in  any 
-respect  represent  different  quantities.     Thus,  in  the  formula 

^i»  ^«»  ^J^<i  ^t  represent  the  weights  of  three  different 
bodies;  j„  j„  and  j„  their  specific  heats;  and  /^,  /„  and  /„ 
their  temperature^ ;  while  /  represents  the  final  temperature 
after  the  bodies  have  been  mixed  together.  It  should  be 
noted  that  those  letters  having  the  same  subs,  refer  to  the 
same  bodies.  Thus,  ze/^  5„  and  t^  all  refer  to  one  of  the 
three  bodies ;  w„  J„  /„  to  another  body ;  etc. 

It  is  very  easy  to  apply  the  above  formula  when  the 
values  of  the  quantities  represented  by  the  different  letters 
are  known.  All  that  is  required  is  to  substitute  the  numeri- 
cal values  of  the  letters,  and  then  perform  the  indicated 
operations.  Thus,  suppose  that  the  values  of  w^^  j^,  and  t^ 
are,  respectively,  2  pounds,  .0951,  and  80°;  of  «/„  j„  and  /„ 
7.8  pounds,  1,  and  80°;  and  of  zc/,,  j,,  and  /„  3:^  pounds, 
.1138,  and  780°;  then, the  final  temperature  /  is,  substituting 
these  values  for  their  respective  letters  in  the  formula, 

2X  .0951  X  80  +  7.8  X  1  X  80+ 3jrX  .1138  X  780  _ 
""  2  X  .0951  +  7.8  X  1 +3iX  .1138  "" 

15.216  +  624  +  288.483  __  927.699  _  -..^  q^o 
.1902  +  7.8+  .36985     ~  8.36005  ""  ^^^'^^  ' 

In  substituting  the  numerical  values,  the  signs  of  multi- 
plication are,  of  course,  written  in  their  proper  places;  all 
the  multiplications  are  performed  before  adding,  accord- 
ing to  the  rule  previously  given. 
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344.  The  student  should  now  be  able  to  apply  any 
formula  involving  only  algebraic  expressions  that  he  may 
meet  with,  and  which  does  not  require  the  use  of  logarithms 
for  its  solution.  We  will,  however,  call  his  attention  to 
one  or  two  other  facts  that  he  may  have  forgotten. 

Expressions  similar  to  — -  sometimes  occur,  the  heavy  line 

"25" 
indicating  that  100  is  to  be  divided  by  the  quotient  obtained 
by  dividing  660  by  25.     If  both  lines  were  light  it  would 
be   impossible   to   tell  whether  160  was  to  be  divided  by 

-— --,  or  whether  ^— -  was  to  be  divided  by  25.     If  this  latter 
25  DoO 

160 

result  were  desired,  the  expression  would  be  written  -—-.     In 

25 

every  case  the  heavy  line  indicates  that  all  above  it  is  to  be 
divided  by  all  below  it. 

1  PC\ 

In  an  expression  like   the   following, -— -,  the  heavy 

w  .   6()0 

line   is  not   necessary,    since   it   is   impossible   to    mistake 

the  operation  that  is  required  to  be  performed.     But,  since 

„  ,   660      175  +  660    .-              u    •.   .    175  +  660-      ^,   660 
7  +  -^  = ^ .  if  we   substitute ^ for  7+  — , 

the  heavy  line  becomes  necessary  in  order  to   make   the 
resulting  expression  clear.     Thus, 

160      _        100        _  160 
660  ""  175  +  600  ""  835* 
■^25  25  25 

Fractional  exponents  are  sometimes  used  instead  of  the 
radical  sign.  That  is,  instead  of  indicating  the  square, 
cube,  fourth  root,  etc.,  of  some  quantity,  as  37,  by  vl37J 
f^37,  i/37,  etc.,  these  roots  are  indicated  by  37 ^  37^  37^ 
etc.  Should  the  numerator  of  the  fractional  exponent  be 
some  quantity  other  than  1,  this  quantity,  whatever  it  may 
be,  indicates  that  the  quantity  affected  by  the  exponent  is 
to  be  raised  to  the  power  indicated  by  the  numerator;  the 
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denominator  is   always   the   index    of   the  root.      Hence, 

instead  of  writing  |/37*  for  the  cube  root  of  the  square  of  37, 
it  may  be  written  37^,  the  denominator  being  the  index  of 
the  root ;  in  other  words,  yW  =  37*.  Likewise,  ^(1  +  ^'  ^ 
may  also  be  written  (1  4-^'  i)t,  a  much  simpler  expression. 

345*  We  will  now  give  several  examples  showing  how 
to  apply  some  of  the  more  difficult  formulas  that  the  student 
may  encounter. 

1.  The  area  of  any  segment  of  a  circle  that  is  less  than 
(or  equal  to)  a  semicircle  is  expressed  by  the  formula 

.      Tt  r^  E     c  .        ... 

in  which  A  =  area  of  segment ; 

TT  =3.1416; 

r  =  radius ; 

E  =  angle  obtained  by  drawing  lines  from  the  cen- 
ter to  the  extremities  of  arc  of  segment ; 

c  =  chord  of  segment ; 
and  h  =■  height  of  segment. 

Example. — ^What  is  the  area  of  a  segment  whose  chord  is  10  inches 
long,  angle  subtended  by  chord  is  88.46°,  radius  is  7.5  inches,  and 
height  of  segment  is  1.91  inches  ? 

Solution. — Applying  the  formula  just  given, 

^      irr*£       c ,         ,,      8.1416  X  7.5«  X  83.46       10  ,„  ,,      .  ^.. 
^  =  -860 2^''-^)  =  — 360 2- (7.5- 1.91)  = 

40.968  —  27.95  =  18.018  square  inches,  nearly.     Ans. 

2.  The  area  of  any  triangle  may  be  found  by  means  of 
the  following  formula,  in  which  A  =  the  area,  and  a^  b^  and  c 
represent  the  lengths  of  the  sides : 


- = I  ^--  ^^^ii^) 


Example. — What  is  the  area  of  a  triangle  whose  sides  are  21  feet, 
46  feet,  and  60  feet  long  ? 

Solution. — In  order  to  apply  the  formula,  suppose  we  let  a  repre- 
sent the  side  that  is  21  feet  long  ;  by  the  side  that  is  50  feet  .long  ;  and 
r,  the  side  that  is  46  feet  long.     Then  substituting  in  the  formula. 
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=  25i/441  -  8.25*  =  25  i/441  -  68.0625  =  25  1^372.9375 
=  25  X  19.812  =  482.8  square  feet,  nearly.     Ans. 

The  operations  in  the  above  examples  have  been  extended 
much  farther  than  was  necessary ;  it  was  done  in  order  to 
show  the  student  every  step  of  the  process.  The  last  for- 
mula is  perfectly  general,  and  the  same  answer  would  have 
been  obtained  had  the  50-foot  side  been  represented  by  a, 
the  46-foot  side  by  b,  and  the  21-foot  side  by  c. 

3.  The  Rankine-Gordon  formula  for  determining  the 
least  load  in  pounds  that  will  cause  a  long  column  to  break  is 

SA 


P= 


1  +  ^^ 


in  which  P  =  load  (pressure)  in  pounds ; 

5  =  ultimate  strength  (in  pounds  per  square  inch) 

of  the  material  composing  the  column ; 
A  =  area   of    cross-section  of    column    in   square 

inches ; 
^  =  a  factor  (multiplier)  whose  value  depends  upon 
the  shape  of  the  ends  of  the  column  and  on 
the  material  composing  the  column ; 
/  =  length  of  column  in  inches ; 
and  G  =  least   radius   of   gyration   of   cross-section  of 

column. 

The  values  of  5,  g,  and  G '  are  given  in  printed  tables  in 
books  in  which  this  formula  occurs. 

Example. — What  is  the  least  load  that  will  break  a  hollow  wrought- 
iron  column  whose  outside  diameter  is  14  inches;  inside  diameter, 
11  inches;  length,  20  feet,  and  whose  ends  are  flat  ? 

Solution. — For    steel,    5  =  150,000.    and    ^  =  ■^r-rrrjr  for  flat-ended 

steel  columns  ;  A,  the  area  of  the  cross-section,  =  .7854(</,'  —  rf,«)  = 
.7854  (14^  —  11*),  ^1  and  //«  being  the  outside  and   inside  diameters, 
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d^  -A-  dJ       14*  -k  11* 
respectively ;  /  =  20  X  13  =  240  inches ;  and  CP  =     *  ^    '    =        j^      . 

Substituting  these  values  in  the  formula, 

SA      _  150,000  X  .7854  (14*  -  11*)_ 

1         —~^  1  240*        ~ 

i  +  i^^,  +  25.000  ^  14*  +  11* 

16 
150,000x58.905      8,836,750      ^^^-a--  , 

1  +  ,1163        =  i3T63"  =  ^'^^^'^^^  P^"^^"-     ^"^• 

4.      Example.— When  -^=10,  ^  =  8.  C=5,  and   Z)  =  4,   what   is 

the  value  of  E  in  the  following  : 

4^ 


(.)    E^J-^^1  (,)    ^=^'      -'^-HC^ 


22 
Solution. — (a)  Substituting, 


TT-      /QX5X4 

To  simplify  the  denominator,  square  the  4  and  6,  add  the  resulting 
fraction  to  2,  and  multiply  by  10.     Simplifying,  we  have 

E=: 


/160         _     /    160     _     /1^__      /200 


Reducing  the  fraction  to  a  decimal  before  extracting  the  cube  root. 

E-  -5^6.0606  =  1.823.     Ans 

(b)  Substituting, 

in      ,  V  ^  ,    ^  X  8^      -^      >,  ,  4X64 
10~fx4+jj^-p^      10-^  +  ^^^ 

^=  — 


^"    r  10  +  22      ^"    r    32 

7  4-17.066^^24.066^^3^^      Ans. 
10-4/4  8 

345 !• — In  the  preceding  pages,  the  unknown  quantity 
has  always  been  represented  by  the  single  letter  at  the  left 
of  the  sign  of  equality,  while  the  letters  at  the  right  have 
represented  known  values  from  which  the  required  values 
could  be  found.  It  is  possible,  however,  to  find  the  value  of 
the  quantity  represented  by  any  letter  in  a  formula,  if  the 
values  represented  by  all  the  others  are  known.   For  example, 
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let  it  be  required  to  find  how  many  strokes  per  minute  an  en- 
gine having  a  piston  area  of  78.54  sq.  in.  must  make  in  order 
to  develop  60  horsepower,  if  the  mean  effective  pressure  is 
40  lb.  per  sq.  in.,  and  the  length  of  stroke  1:^  ft.     By  substi- 

PLAN 
tuting  the  given  values  in  the  formula  //"=  — ,  we  have 

00,000 

^  40X  IjX  78.54  X  A' 
33,000 

in  which  iV,  the  number  of  strokes,  is  to  be  found. 

But  it  is  evident  that  the  expression  on  the  right  of  the 

c  iv.     •  w     ^^^  X  li  X  78.54  ^^  ^j       -        . 

sign  of  equality  is  equal  to X  A^,  a  fraction 

o«i,000 

whose  numerator  is  composed  of  3  factors.     Reducinjg^  the 

numerator  to  a  single  number  by  performing  the  indicated 

multiplications,  we  obtain,  after  canceling. 

If  60  equals  .119  N,  then  N  equals  60  divided  by  .119;  hence, 
iV=  — —  =  504.2  revolutions  per  minute. 

.  X  X «/ 

The  method  of  procedure  is  essentially  the  same  when  the 
unknown  quantity  occurs  in  the  denominator  of  a  formula. 

Thus,  in  the  formula/= ,  suppose  that/=  375,  m  =  1.25, 

and  V  =  60.     Then,  substituting, 

«^„  __  1.25  X  60'  _  4,500 
r  r 

But  if  375  equals  4,500  divided  by  r,  then  375  X  r  =  4,600; 
hence,  r  must  equal  4,500  divided  by  375,  or  r  =  -^,^r^  =  12. 

BXAMPLBS  FOR  PRACTICE. 

Find  the  numerical  values  of  x  in  the  following  formulas,  when 
y4  =  9.  ^  =  8,  //=  10,  <r  =  3,  and  r  =  2  : 

^  d  +  c*  A  _  T 

1.  ^  =  -75 — TiS'  Ans.  X  —  fjj. 

2.  ^=i(£±£)  An».x=li. 
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8.  j^=|/^+/J^  Ans.  jr  =  ». 

4  jr  =  —7             4-  -— .  Ans.  x  =  2. 

5.  x  =  {c  +  2e)(^V^-l-)-h'^~.  Ans.  x  =  X%^. 

6.  ^=i/ZZ£^.  Ans.x=.89«-h. 


Geometry  and  Trigonometry. 


GEOMETRY. 

668.     Geometry  is  that  branch  of  mathematics  which 
treats  of  the  properties  of  lines,  angles,  surfaces,  and  volumes. 


LINES   AND   ANGLBS. 
669*     A  point  indicates  position  only.     It  has  neither 
length,  breadth,  nor  thickness. 

670«     A  line  has  only  one  dimension :  length. 

671.     A  straifflit  line.  Fig.  2,  is  one 

that  does  not  change  its  direction  through-     - — 

out  its  whole  length.     A  straight  line  is  Pio.a. 

also  frequently  called  a  ri^lit  line. 

672«  A  curved  line.  Fig.  3,  changes 
its  direction  at  every  point.  Pio.  a. 

673.  A  broken  line.  Fig.  4,  is  one 
made  up  wholly  of  straight  linee  lying  in 
different  directions.  fig.  4. 

674.  Parallel    lines.    Fig.    5,    are     

equally  distant   from   each  other   at  all 


.    ^  Pig.  5. 

points. 

675«     A  line    is   perpendicular  to 

another  when  it  meets  that  line  so  as  not 

to  incline  towards  it  on  either  side,  Fig.  6.      

676.  A  horizontal  line  is  a  line 
parallel  to  the  horizon,  or  water  level, 
Fig.  7. 

677.  A  vertical  line.  Fig.  7,  is  a 

line  perpendicular   to  a  horizontal   line;     

consequently,  it   has  the  direction   of  a  ^^^  ^ 

plumb  line. 

8* 


GEOMETRY  AND  TRIGONOMETRY.  §  4 

078.     When  two  lines  cross  or  cut  each  other,  as  in  Fig. 

8,  they  are  said  to  Intersect,  and  the 
point  at  which  they  intersect  is  called  the 
point  of  Intersection,  as  A. 


Pig.  8. 


679.     An  anffie.  Fig.  9,  is  the  open- 
ing between   two   lines    which    intersect 
or  meet;    the  point  of  meeting  is  called 
Pig.  9.  the  vertex  of  the  angle. 


680.  In  order  to  distinguish  one  line  from  another,  two 
of  its  points  are  given  if  it  is  a  straight  line,  and  as  many 
more  as  are  considered  necessary  if  it  is  a  broken  or  curved 
line.  Thus,  in  Fig.  10,  the  line  A  B  would  mean  the  straight 
line  included  between  the  points  A  and  B,  Similarly,  the 
straight  line  between  C  and  B^  or  between  B  and  Z?,  would 
be  called  the  line  C  7i,  or  the  line  B  D.  The  broken  line 
made  up  of  the  lines  A  B  and  C  B,  or  A  B  and  B  D,  would 
be  called  the  broken  line  C  B  A  or  A  B  C,  and  A  B  D  or 
DBA,  according  to  the  point  started  from. 

681*  To  distinguish  angles,  name  a  point  on  each  line, 
and  the  point  of  their  intersection,  or  vertex  of  the  angle. 
Thus,  in  Fig.  10,  the  angle  formed  by  the  lines  A  B  and  CB 
is  called  the  angle  A  B  C  or  the  angle  C  B  A:  the  letter  at 
the  vertex  is  always  placed  in  the  middle.  The  angle  formed 
by  the  lines  A  B  and  B  D  is  called  the  angle  A  B  D  or  the 
angle  DBA. 

When  an  angle  stands  alone  so  that  it  cannot  be  mistaken 
for  any  other  angle,  only  the  vertex  letter  need  be  given  ; 
thus,  the  angle  O,  or  the  angle  P,  etc. 

682.  If  one  straight  line  meets 
another  straight  line  at  a  point  between 
its  ends  (see  Figs.  10  and  11),  two 
angles,  ABC  and  A  B  D,  are  formed, 
which  are  called  adjacent  angles. 
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683.     When  these  adjacent  angles, 
ABC  and  A  B  D^  are  equal,  they  are 
,j^    called  rifflit  angles;  see  Fig.  11. 


Pig.  11. 


684«  An  acute  angle  is  less  than 
a  right  angle.  A  B  C^  Fig.  12,  is  an 
acute  angle. 


Fig.  12. 


685*     An  obtuse  angle  is  greater 
than  a  right  angle.     A  B  D^  Fig.  13,  is 
n  an  obtuse  angle. 


686*  When  two  straight  lines  intersect,  they  form  four 
angles  about  the  point  of  intersection.  Thus,  in  Fig.  14,  the 
lines  A  B  and  C  Z>,  intersecting  at  the 
point  O^  form  four  angles,  B  OD^DOA^ 
A  O  Cy  and  C  O  B^  about  the  point 
O,  The  angles  which  lie  on  the  same 
side  of  one  straight  line,  as  D  O  B  and 
D  O  Ay  are  adjacent  angles*  The 
angles  which  lie  opposite  each  other  are  called  opposite 
angles.  Thus,  A  O  C  ^.ndD  O  B,  also  D  O  A  2ind  B  O  C, 
are  opposite  angles. 


Fig.  14. 


When  one  straight  line  intersects  another  straight  line,  as 
in  Fig.  14,  the  opposite  angles  are  equal.  Thus,  D  O  B  ^ 
A  OC,SindDOA  =  B  O  C. 


B 

Pig.  15 


-X> 


When  one  straight  line  meets  another 
straight  line  at  a  point  between  its  ends, 
the  sum  of  the  two  adjacent  angles 
A  B  D  and  A  B  C,  Fig.  15,  equals  two 
right  angles. 
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087.     If  a  number  of  straight  lines  on  the  same  side  of  a 

given  straight  line  meet  at  the  same 
point,  the  sum  of  all  the  angles  formed 
is  equal  to  two  right  angles.  Thus,  in 
Pig.  16,  C  O  B-\-D  O  C+E  O  Z?-(- 
F  O  £  +  A  O  F=  two  right  angles. 

688.     If  a  straight  line  intersects  another  straight  line, 
so  that  the  adjacent  angles  are  equal,  o 

the  lines  are  said  to  be  perpendicular  to 
each  other.  In  such  a  case,  four  right 
angles  are  formed  about  the  point  of  ^ — 
intersection.  Thus,  in  Fig.  Yl^B  O  C 
=  COA;  hence,  BO  C,  CO  A,  A  OD, 
and  D  O B2Lre  right  angles.  From  this 
it  is  seen  that  four  right  angles  are  all 
that  can  be  formed  about  a  given  point. 


Pio.  17. 


689.    Through  a  given  point   any 

number  of  straight  lines  may  be  drawn ; 

and  the  sum  of  all  the  angles  formed 

about  the  point  of  intersection  equals 

four  right  angles.      Thus,  in  Fig.  18, 

H  OF^FO  C-^C  O  A-\-A  O  G-\- 

GOE  +  EOD  +  DOB-\-BOH^ 

four  right  angles. 

Example. — In  a  fiy-wheel  with  12  arms,  what  part  of  a  right  angle  is 
included  between  the  center  lines  of  any  two  arms,  the  arms  being 
spaced  equally  ? 

Solution. — Since  there  are  12  arms,  there  are  12  angles.  The  sum 
of  all  the  angles  equals  four  right  angles.  Hence,  one  angle  equals  ^ 
of  four  right  angles,  or  -j^  =  J  of  one  right  angle. 

690.  A  perpendicular  drawn  from  a  point  over  or  under 
a  given  straight  line  is  the  shortest  distance  from  the 
point  to  the  line,  or  to  the  line  extended. 
Thus,  if  A,  Fig.  19,  is  the  given  point, 
and  C  D  the  given  line,  then  the  per- 
pendicular A  B  is  the  shortest  distance  ^ 

from  A  to  C  D. 


B 
Fig.  19. 
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691.  If  two  angles  have  their  sides 
parallel  and  lie  in  the  same  or  in  oppo- 
site directions,  they  are  equal.  Thus, 
if  the  side  A  B,  Fig.  20,  is  parallel  to 
the  side  D  E,  and  if  the  side  B  C  is 
parallel  to  the  side  jE  F,  then  the  angle 
£  =  the  angle  B. 


Fig.  ao. 


692*  If  two  sides  of  an 
anglp  are  perpendicular  to 
two  sides  of  another  angle, 
the  two  angles  are  equal. 
Thus,  HDE  and  G  H,  Fig. 
21,  are  perpendicular  to 
B  A^  and  E  F  and  H K are 
perpendicular  to  B  C,  then 
will  angle  E  =  angle  B  = 
angle  If. 


FIO.  21. 


BXAMPLBS  FOR  PRACTICE. 

1.  In  a  pulley  with  five  arms,  what  part  of  a  right  angle  is  included 
between  the  center  lines  of  any  two  arms  ?         Ans.  f  of  a  right  angle. 

2.  If  one  straight  line  meets  another  straight  line  so  as  to  form  an 
angle  equal  to  If  right  angles,  what  part  of  a  right  angle  does  its 
adjacent  angle  equal  ?  Ans.  |  of  a  right  angle. 

8.  If  a  number  of  straight  lines  meet  a  given  straight  line  at  a  given 
point,  all  being  on  the  same  side  of  the  given  line,  so  as  to  form  six 
equal  angles,  what  part  of  a  right  angle  is  contained  in  each  angle  ? 

Ans.  1  of  a  right  angle. 

PLANE    FIGURES. 

693*  A  surface  has  only  two  dimensions :  length  and 
breadth, 

694*  A  plane  surface  is  a  flat  surface.  If  a  straight 
edge  be  laid  on  a  plane  surface,  every  point  along  the  edge 
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of  the  straight  edge  will  touch  the  surface,  no  matter  in  what 
direction  it  is  laid. 

695*  A  plane  figure  is  any  part  of  a  plane  surface 
bounded  by  straight  or  curved  lines. 

696.  When  a  plane  figure  is  bounded  by  atralfflit  lines 
only,  it  is  called  a  polygon.  The  bounding  lines  are  called 
the  sides,  and  the  broken  line  that  bounds  it  (or  the  whole 
distance  around  it)  is  called  the  perimeter  of  the  polygon. 

697.  The  angles  formed  by  the  sides 
are  called  the  alleles  of  the  polygon. 
Thus,  A  B  C  D  E,  Fig.  22,  is  a  polygon. 
A  B^  B  Cy  etc.,  are  the  sides;  E  A  B, 
B CDy  etc., are  the  angles, and  the  bro- 
ken line  A  B  CD  E  A  is  the  perimeter. 

698«  Polygons  are  classified  according  to  the  number 
of  their  sides :  One  of  three  sides  is  called  a  triangle  ;  one 
of  four  sides,  a  quadrilateral ;  one  of  five  sides,  a  penta- 
gon ;  one  of  six  sides,  a  bexason ;  one  of  seven  sides,  a 
lieptaffon ;  one  of  eight  sides,  an  octagon ;  one  of  ten 
sides,  a  decagon ;  one  of  twelve  sides,  a  dodecagon,  etc. 

699.     Equilateral  polygons  are  b 

those  in  which  the  sides  are  all  equal. 
Thus,  in  Fig.  23,  AB=BC=CD  = 
D  A  ;  hence,  A  B  C  D  is  a.n  equilateral 
polygon. 

A 


Pig.  28. 


Fig.  24. 


Fig.  28. 

^      700.     An  equiangular  polygon 

is  one  in  which  all  of  the  angles   are 
equal.     Thus,   in  Fig.    24,  angle  A  =r 
^  angle  B  =  angle  D  =  angle  C  ;  hence, 
A  B  D  Cis  an  equiangular  polygon. 


701.     A   regular  polygon   is  one   in 

which  all  of  the  sides  and  all  of  the  angles 
are  equal.  Thus,  in  Fig.  2b,  A  B  =  B  D  = 
D  C  =■  C  A,  and  angle  A  —  angle  B  =  angle 
D  =  angle  C;  hence,  A  B  D  C  is  a,  regular 
polygon. 


Fig.  25 


•  * 

••  •  • 
>  •  •  • 


•  • 
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702.     Other  regular  polygons  are  shown  in  Fig.  26. 

Heptagon.        Octagon. 
Pig.  26. 


Pentagon.       Hexagon. 


Decagon.        Dodecagon. 


703*  The  sum  of  all  the  interior  angles  of  any  polygon 
equals  two  right  angles,  multiplied  by 
a  number  which  is  two  less  than  the 
number  of  sides  in  the  polygon.  Thus, 
A  B  C  D  E  F^Y\%,  27,  is  a  polygon  of 
six  sides  (hexagon),  and  the  sum  of  all 
the  interior  angles,  A  -{-  B  -{-  C-{-  D  + 
£  +  F=  two  right  angles  x  4  (  =  6  — 
2),  or  8  right  angles. 

Example. — If  the  above  figure  is  a  regular  hexagon  (has  equal  sides 
and  equal  angles),  how  many  right  angles  are  there  in  each  interior 
angle  ? 

Solution. — 6  —  2  =  4.  Two  right  angles  X  4  =  8  right  angles  =  the 
total  number  of  right  angles  in  the  polygon ;  and  as  there  are  six  equal 
angles,  we  have  8-4-6  =  1^  right  angles  =  the  number  of  right  angles 
in  each  interior  angle.    Ans. 


Pig.  27. 


THE   TRIANGLE. 

704«  Triangles  are  divided  into  four  classes :  Isosceles 
triangles,  scalene  triangles,  rislit-ansled  triangles,  and 
obllque-ansled  triangles. 


705.     An  Isosceles  triangle.  Fig.  28,  is  one 
having  two  of  its  sides  equal. 


Pig.  88. 


706«  When  the  three  sides  are  equal,  as 
in  Fig.  29,  it  is  called  an  equilateral 
triangle. 


Fig.  29. 
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Pig.  80. 


707.     A  scalene  triangle,  Fig.  30,  is  one 
having  no  two  of  its  sides  equal. 


708.     A  rlg^lit-aiisled  triangle,  Fig.  31,  is  any  triangle 
having  one  right  angle.     The  side  opposite 
the  right  angle  is  called  the  tiypotenuae. 
Among    mathematicians,    a  right-angled 
triangle  is  now  termed  a  rlglit  trian- 

FIO.  81. 


709.     An  oblique  triangle,  Fig.  32,  is  one  which 
has  no  right  angles. 


Pig.  83. 

710.     The  base  of  any  triangle  is  the  side  upon  which 
the  triangle  is  supposed  to  stand. 

71  !•     The  altitude  of  any  triangle  is  a  line  drawn  from 

the  vertex  of  the  angle 
opposite  the  base   per- 
pendicular to  the  base, 
or  to  the  base  extended. 
Thus,    in   Figs.  33  and 
34,  B  D  is  the  altitude 
of  the  triangles  ABC. 
In  an  isosceles  triangle,  the  angles  opposite  the  equal  sides 
are    equal.     Thus,    in    Fig.    35,    A  B  =  B  C\ 
hence,  angle  C=  angle  A. 

In  any  isosceles  triangle,  if  a  perpendicular 
be  drawn  from  the  vertex  opposite  the  unequal 
side  to  that  side,  it  bisects  (cuts  in  halves)  the 
side.  Thus,  A  C,  Fig.  35,  is  the  unequal  side 
in  the  isosceles  triangle  ABC;  hence,  the  per- 
pendicular B  D  bisects  A  C^  or  A  D  —  D  C 

If  two  angles  of  any  triangle  are  equal,  the  triangle  is 
isosceles. 
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712*  In  any  triansle,  the  sum  of  the  three  angles 
equals  two  right  angles.  Thus,  in  Fig.  3G,  the  sum  of  the 
angles  at  A,  B,  and  C=  two  right  angles  ;  that  v&,  A  -\-B-^ 
C  =  two  right  angles.  Hence,  if  any 
two  angles  of  a  triangle  are  given, 
the  third  may  be  found  by  subtract- 
ing the  sum  of  the  two  from  two  right  / 
angles.      Suppose  that  A  -{-  B  =  l^V  via.  m. 

right  angles;  then,  Cmustequal2—  1^=  iVof^^ight  angle. 

713.  In  any  rlctat-ansled  triangle  there  can  be  but 
one  right  angle,  and  since  the  sum  of  all  the  angles  equals 

J  two  right  angles,  it  is  evident  that  the 

sum  of  the  two  acute  angles  must  equal 

a    right    angle.     Therefore,  if    in   any 

right-angled  triangle  one  acute  angle  is 

known,  the  other  can  be  found  by  sub- 

-'o  tracting  the  known  angle  from  a  right 

Fio.  87.  angle.     Thus,  in  Fig.   37,  A  B  C  is  a. 

right-angled  triangle,  right-angled  at  C.     Then,  the  angles 

A  ■^B=  one  right  angle.     It  A  =  h}-  of  a  right  angle,  B  =1 

—  -ij  =  ^  of  a  right  angle. 

714.  In  any  right-angled  triangle,  the  square  described 
on  the  hypotenuse  is  equal  to  p 

the  sum  of  the  squares  de- 
scribed upon  the  other  two 
sides.  liABC,  Fig.  38,  is  a 
right-angled  triangle,  right- 
angled  at  B,  then  the  square 
described  upon  the  hypotenuse 
A  C  is  equal  to  the  sum  of 
the  squares  described  upon  the 
sides  A  B  and  B  C;  conse- 
quently, if  the  lengths  of  the 
sides  A  B  and  B  C  are  known, 
we  can  find  the  length  of  the  fic.  ss 

hypotenuse  by  adding  the  squares  of  the  lengths  of  the  sides 
A  B  and  B  C,  and  then  extracting  the  square  root  of  the  sum. 
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Example. — If  A  B  =zZ  inches,  and  BC  —  ^  inches,  what  is  the 
length  of  the  hypotenuse  A  €">. 

Solution.—  8*  =  9;  4«  =  16;  adding, 

9  +  16  =  25.      -/ 25  =  5. 
Therefore,  A  C=  5  inches.    Ans. 

If  the  hypotenuse  and  one  side  are  given,  the  other  side 
can  be  found  by  subtracting  the  square  of  the  given  side 
from  the  square  of  the  hypotenuse,  and  then  extracting  the 
square  root  of  the  remainder. 

Example. — The  side  given  is  8  inches,  the  hypotenuse  is  5  inches; 
what  is  the  length  of  the  other  side  ? 

Solution.—  8*  =  9 ;  5*  =  25.  25  —  9  =  16,  and  |/l6  =  4  inches.    Ans. 

Example. — If,  from  a  church  steeple  which  is  150  feet  high,  a  rope  is 

to  be  attached  to  the  top,  and  to  a  stake  in  the  ground 
85  feet  from  its  foot  (the  ground  being  supposed  to  be 
level),  what  must  be  the  length  of  the  rope  ? 

Solution. — In  Fig.  99,  A  B  represents  the  steeple 
150  feet  high ;  C,  a  stake  85  feet  from  the  foot  of  the 
steeple,  and  A  C,  the  rope.  Here  we  have  a  right- 
angled  triangle,  right-angled  at  B,  and  A  C  is  the 
hypotenuse. 

The  square  of  ^  C  =  85»  +  150»  =  7,225  +  22.500  = 
29,725. 

Therefore,  A    C—  |/ 29,725  =  172.4  feet,   nearly.     Ans. 

715.  Two  triangles  are  equal  when  the  sides  of  one 
are  equal  to  the  sides  of  the  other. 

71 6.  Two  triangles  are  similar  when  the  angles  of  one 
are  equal  to  the  angles  of  the  other. 
The  corresponding  sides  of  similar 
triangles  are  proportional. 

For  example,  in  the  triangles 
ABC  and  ab  c^  Fig.  40,  side 
a  c  vs^  perpendicular  to  A  C;  the 
side  a  6  to  A  By  and  side  c  b 
to  B  C\  hence,  angle  A  =  angle  a, 
since  the  sides  of  one  are  perpen-  ^^ 
dicular  to  the  sides  of  the  other. 
In  like  manner,  angle  B  —  angle 
by  and  angle  C  =  angle  c.  The  two 
triangles  are,  therefore,    similar. 
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and  their  corresponding  sides  are  proportional.  That  is, 
any  two  sides  of  one  triangle  are  to  each  other  as  the  two 
corresponding  sides  of  the  other  triangle ;  or,  one  side  of 
one  triangle  is  to  the  corresponding  side  of  the  other  as 
another  side  of  the  first  triangle  is  to  the  corresponding 
side  of  the  second.  The  following  are  examples  of  the 
many  proportions  that  may  be  written.  In  this  case,  the 
corresponding  sides  of  the  two  triangles  are  the  ones  that 
are  perpendicular  to  each  other : 

A  B  :  B  C=ab     \  b  c, 

A  B  :  A  C=a  b     :  a  c, 

B  C  :  be    =AB\ab, 

A  C  :  a  c    =  B  C  :  b  c^  etc. 

Example. — The  sides  of  a  triangle  are  18  inches  and  21  inches,  and 
the  base  is  24  inches  long ;  what  are  the  lengths  of  the  sides  of  a  similar 
triangle  whose  base  is  8  ? 

Solution. — Since  the  sides  are  proportional,  we  have  the  propor- 
tions 24  :  8  =  21  :  ^,  'and  24  :  8  =  18  :  jr.  From  the  first,  ;r  =  7  and 
from  the  second,  ;r  =  6.    Ans. 

717.  If  a  straight  line  is  drawn  through  two  sides  of  a 
triangle  parallel  to  the  third  side,  it 
divides  those  sides  proportionally.  Thus, 
in  Fig.  41,  let  the  line  D  E  h^  drawn 
parallel  to  the  side  B  C  in  the  triangle 
ABC.     Then, 

A  D :  DE  =  A  B :  B  C 
It  is  to  be  noticed,   also,   that  the  tri- 
angles A  D  E  and  ABC  are  similar,  and 
their  sides  are  proportional.      The  pro-  p^^  ^^ 

portion  A  D  \  D  B  —  A  E  \  E  C  \sz,  useful  one. 

Example. — In  the  last  figure,  if  A  E  =14,  A  D  =  12  and  EC  =  9, 
what  does  D  B  equal  ? 

Solution. — From  the  proportion  A  D  :  D B  =  A  E\  EC,  12  :  DB 
=  14  :  9,  whence  DB  =  1^.     Ans. 

Example. — The  base  of  a  right-angled  triangle  is  12  inches,  and  its 
altitude  40  inches.  How  wide  is  the  triangle  at  24  inches  from  the 
base? 
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Solution. — Since  the  triangle  is  right-angled,  the  length  of  the 
perpendicular  side  equals  the  altitude,  or  40  inches.  By  drawing  a  line 
parallel  to  the  base,  and  24  inches  above  it,  a  second  and  similar  tri- 
angle will  be  found  whose  corresponding  side  =40  —  24,  or  16  inches, 
and  the  length  of  whose  base  is  the  required  width.  Hence,  40  :  12  = 
16  :  JIT,  or  JT  =  4.8  inches.    Ans. 


BXAMPLBS  FOR  PRACTICB. 

1.  How  many  right  angles  are  there  in  one  of  the  interior  angles  of 
a  regular  heptagon  ?  Ans.  If  right  angles. 

2.  The  angle  at  the  vertex  of  an  isosceles  triangle  equals  one-half  a 
right  angle.     What  do  the  other  angles  equal  ?    Ans.  |  of  a  right  angle. 

3.  One  of  the  acute  angles  of  a  right-angled  triangle  equals  (  of 
a  right  angle.     What  is  the  size  of  the  other  acute  angle  ? 

Ans.  f  of  a  right  angle. 

4     If  the  two  sides  about  the  right  angle  in  a  right-angled  triangle 

are  52  and  89  feet  long,  how  long  is  the  hypotenuse  ?  Ans.  65  feet. 

5.  A  ladder  65  feet  long  reaches  to  the  top  of  a  house  when  its  foot 
is  25  feet  from  the  house.  How  high  is  the  house,  supposing  the  ground 
to  be  level  ?  Ans.  60  feet. 

6.  In  a  triangle  ABC,  side  y|  ^  =  82  feet,  ^  C  =  34  feet  and 
^  C  =  48  feet.  If  side  A  B  of  a.  similar  triangle  is  72  feet  long,  what 
are  the  lengths  of  the  other  two  sides  ? 

Ans.  ^  C=  108  feet;  B  C=  76.5  feet. 

7.  The  base  of  a  right-angled  triangle  is  24  inches,  and  its  altitude, 
72  inches.    At  what  distance  from  the  top  is  the  triangle  16  inches  wide  ? 

Ans.  48  inches. 


THE   CIRCLE. 

718.  A  circle.  Fig.  42,  is  a  plane  figure 
bounded  by  a  curved  line,  called  the  cir- 
cumference, every  point  of  which  is  equally 
distant  from  a  point  within,  called  the 
center. 


Pig.  42. 


719*     The    diameter    of    a    circle,  /                 '\^ 

A  B,  Fig.   43,   is  a  straight  line  passing    ^l U 

through    the   center   and   terminated   at  \                    / 

both  ends  by  the  circumference.  \           y 


FlO.  48. 
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720.  The  radius  of  a  circle,  O  A,  Fig. 
44,  IS  a  straight  line  drawn  from  the  center 
to  the  circumference.  It  is  equal  in  length 
to  one-half  the  diameter.  The  plural  of 
radius  is  radii.     All  radii  of  any  circle  are 


pio.'*44.        equal  in  length. 

721.    An  arc  of  a  circle,  a  e  b^  Fig.  45, 
is  any  part  of  its  circumference. 


/ 


\ 


) 


i      \ 


\ 


y 


Pig.  46. 


PIO.  4B. 

722.  A  cl&ord  is  a  straight  line  joining 
any  two  points  in  a  circumference ;  or,  it  is 
a  straight  line  joining  the  extremities  of  an 
arc. 

Thus,  in  Fig.  46,  a  b  \%  the  chord  of  the 
arc  a  e  b. 


\ 


\ 


y 


723.  A  aeffment  of  a  circle  is  the  space  included 
between  the  arc  and  its  chord. 

724*    A  sector  of  a  circle  is  the  space       /^ 
included  between    an   arc    and    two    radii    / 
drawn  to  the  extremities  of  the  arc.     Thus,  ^\ 
in  Fig.  47,  the  space  included  between  the     \ 
arc  A  B  and  the  radii  O  A  and  O  B\^2l  sector        ^«-^, 
of  the  circle.  ^^^^ 

726.  Two  circles  are-  equal  when  the  radius  or  diameter 
of  one  equals  the  radius  or  diameter  of  the  other. 

Two  arcs  are  equal  when  the  radius  and  chord  of  one 
equals  the  radius  and  chord  of  the  other. 

726.  liADBC,  Fig.  48,  is  a  circle 
in  which  two  diameters  A  B  and  C  D 
are  drawn  at  right  angles  to  each  other, 
then,  A  O  D,  D  O  B,  B  O  C  2Lnd 
C  O  A  are  right  angles.  The  circumfer- 
ence is  thus  divided  into  four  equal 
parts;  each  of  these  parts  is  called  a 
quadrant* 
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727«  In  Geometry,  angles  are  measured  by  the  num- 
ber of  right  angles,  or  parts  of  a  right  angle,  which  they 
contain ;  since,  in  the  circle,  a  right  angle  intercepts  a  quad- 
rant, an  angle  is  also  measured  by  the  number  of  quadrants, 
or  parts  of  a  quadrant,  that  it  intercepts. 

728«  An  angle  at  the  center  is  measured  by  its  inter- 
cepted arc. 

Example. — If  a  circle  is  divided  into  six 

equal  sectors,  how  many  quadrants,  or  parts  of 
a  quadrant,  are  contained  in  the  angle  of  each 
sector? 

Solution.— In  Fig.  49.  A  C  F  B  D  E  v& 
a  circle  divided  into  six  equal  sectors.  The 
sum  of  all  the  quadrants  in  the  circle  is  4. 
Hence,  4  +  6  =  {  of  a  quadrant  in  each 
sector.     Ans. 

729.  An  Inscribed  angle  is  one 
whose  vertex  lies  on  the  circumference  of 
a  circle,  and  whose  sides  are  chords.  It 
IS  measured  by  one-half  the  intercepted 
arc.  Thus,  in  Fig.  50,  A  B  C  is  an  in- 
scribed angle,  and  it  is  measured  by  one- 
half  the  arc  ADC.  ^ 

Fig.  50. 
Example.— If  in  the  figure  the  sltc  A  J?C=lof  the  circumference, 
what  is  the  measurement  of  the  inscribed  angle  ABC} 

Solution. — Since  the  angle  is  an  inscribed  angle,  it  is  measured  by 
one-half  the  intercepted  arc,  or  {  x  i  =  i  of  the  circumference.  The 
whole  circumference  contains  four  quadrants ;  hence,  4  X  i  =  J  of  a 
quadrant,  or  |  of  a  right  angle;  therefore,  the  measurement  of  the 
angle  ^  ^  C  is  J  of  a  quadrant. 

730.  If  a  circle  is  divided  into  halves,  each  half  is  called 
a  semicircle,   and   each   half   circumference   is    called  a 

semicircumference. 

731.  Any  angle  that  is  inscribed 
in  a  semicircle  and  intercepts  a  semi- 
circumference,  SiS  A  B  Cy  or  A  D  Cy 
Fig.  51,  is  a  right  angle,  since  it  is 
measured  by  one-half  a  semicircumfer- 
PiG.  61  ence,  or  by  a  quadrant. 
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732*  An  inscribed  polygon  is  one 
whose  vertexes  lie  on  the  circumference 
of  a  circle,  and  whose  sides  are  chords, 
^sABCD  E,  Fig.  62. 


Fig.  &2. 


733.  If,  in  any  circle,  a  radius  be 
drawn  perpendicular  to  any  chord,  it  bi- 
sects (cuts  in  halves)  the  chord.  Thus,  if 
the  radius  O  C,  Fig.  53,  is  perpendicular 
to  the  chord  A  B,  A  D  =  D  B, 


Fig.  68. 

Example. — If  a  regular  pentagon  is  inscribed  in  a  circle,  and  a 
radius  is  drawn  perpendicular  to  one  of  the  sides,  what  are  the  lengths 
of  the  two  parts  of  the  side,  the  perimeter  of  the  pentagon  being 
27  inches  ? 

Solution. — ^A  pentagon  has  five  sides,  and  since  it  is  a  regular 
pentagon,  all  the  sides  are  of  equal  lengths:  the  perimeter  of  the  penta- 
gon, which  is  the  distance  around  it,  and  equals  the  sum  of  all  the 
sides,  or  27  inches.  Therefore,  the  length  of  one  side  =  27 -*- 5  =  5f 
inches.  Since  the  pentagon  is  an  inscribed  pentagon,  its  sides  are 
chords,  and  as  a  radius  perpendicular  to  a  chord  bisects  it,  we  have 
5{  +  2  =  2j^  inches,  for  the  length  of  each  of  the  parts  of  the  side,  cut 
by  a  radius  perpendicular  to  it.  .  Ans. 

734.  If  a  straight  line  be  drawn  perpendicular  to  any 
chord  at  its  middle  point,  it  must  pass  through  the  center  of 
the  circle. 

Through  any  three  points  not  in  the  same  straight  line,  a 
circumference  can  be  drawn.  Let  A^  B 
and  C,  Fig.  54,  be  any  three  points.  Join 
A  and  B^  and  B  and  C,  by  straight  lines. 
At  the  middle  point  of  A  B,  draw  H  K 
perpendicular  to  -^  B  \  at  the  middle 
point  oi  B  C  draw  E  F  perpendicular  to 
B  C.  These  two  perpendiculars  intersect 
at  O.  With  O  2LS2L  center,  and  (?  -ff  as  a  radius,  describe  a 
circle  ;  it  will  pass  through  A^B^  and  C 


Fig.  64. 
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736»  A  tanf^ent  to  a  circle  is  a 
straight  line  which  touches  the  circle  at 
one  point  only  ;  it  is  always  perpendicular 
^  to  a  radius  drawn  to  that  point.  Thus, 
*  in  Fig.  55,  A  B  drawn  perpendicular  to 
the  radius  O  E  dX  its  extremity  £,  is  a 
tangent  to  the  circle. 

If  a  straight  line  is  perpendicular  to  a 
radius  at  its  extremity,  it  is  tangent  to  the  circle. 

736*  If  two  circles  intersect  each  other,  the  line  join 
ing  their  centers  bisects  at  right 
angles  the  line  joining  the  two 
points  of  intersection.  If  the  two 
circles,  whose  centers  are  O  and  I\ 
Fig.  66,  intersect  at  A  and  -ff,  the 
line  O  P  bisects  at  right  angles  the 
line  A  B  \  or  A  C=  B  C,  fig.  66. 


Fig.  67. 


737.  One  circle  is  said  to  be 
tangent  to  another  circle  when 
they  touch  each  other  at  one  point 
only,  as  in  Fig.  57.  This  point  is 
called  the  point  of  contact,  or 
the  point  of  tans^cncy* 


738.  When  two  or  more  circles  are 
described  from  the  same  center,  as  in  Fig. 
58,  they  are  called  concentric  circlcfi. 


Fig.  68. 


•739.  If,  from  any  point  on  the  circumference  of  a  cir- 
cle, a  perpendicular  be  let  fall  upon  a  given  diameter,  this 
perpendicular  will  be  a  mean  proportional  between  the  two 
parts  into  which  it  divides  the  diameter. 
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If  A  B^  Fig.  59,  is  the  given  diameter, 
and  C  any  point  on  the  circumference, 
then  is  the  perpendicular  C  D  2l  mean 
proportional  between  A  D  and  D  B^  or  -^ 
ADx  CD=CD:nB, 

Therefore,  6\0"  =  ADxDB, 
and  CD  =  i^ADx  DB.  yig.  m. 

Example. — If  H K^  30  feet,  and  IB  =  8  feet,  what  is  the  diameter 
of  the  circle,  I//C being  perpendicular  to  A  B? 

Solution.—    80  feet  ■+■  2  feet  =  15  feet  =  ///.    And 
B I :  IH=  IH :  I  A,  or  8  :  15  =  15  :  I  A. 

Therefore,  IA  =  ^=t^  =  ^  feet,  and  /^  -f  /^  =  28i  +  8  = 
86^  feet  ^  A  B,  the  diameter  of  the  circle.     Ans. 

Example. — ^The  diameter  of  the  circle  A  B  is  86^  feet,  and  the  dis- 
tance BI is  8  feet;  what  is  the  length  of  the  line  J/K? 

Solution. — As  the  diameter  of  the  circle  is  86^  feet,  and  as  BI  is 
8  feet,  /A  is  equal  to  86^  —  8  =  28i  feet.  Hence,  B I :  IH—  IH :  I  A, 
oT%:IH=IHi^.  

Therefore,  IH=z  4/8x2«i  =  15  feet,  and  as  HKz=z  IH-^  IIC^  or 
2  IH,  HKz=  15  X  2  =  30  feet.     Ans. 


BXAMPLB8    FOR    PRACTICB.    . 

1.  If  a  circle  is  divided  into  ten  equal  sectors,  what  part  of  a  quad- 
rant is  contained  in  the  angle  of  each  sector  ?         Ans.  |  of  a  quadrant. 

2.  An  angle  inscribed  in  a  circle  intercepts  one-fourth  of  the  cir- 
cumference.    What  is  the  size  of  the  angle  ?       Ans.  |  of  a  right  angle. 

8.  The  perimeter  of  a  regular  inscribed  octagon  is  100  inches  long. 
If  a  radius  is  drawn  perpendicular  to  one  of  the  sides,  what  are  the 
lengths  of  the  two  parts  of  the  side  ?  Ans.  6^  inches. 

4.  If,  in  Fig.  59,  the  diameter  A  B  =  82|  feet,  and  the  distance 
IB  =  S  feet,  what  is  the  length  of  the  chord  ///T?  Ans.  28  feet. 

6.  In  the  same  figure,  if  the  distance  BI  is  Q  inches,  and  H K 
18  incheSj  what  is  the  diameter  of  the  circle  ?  Ans.  19.5  inches. 


TRIGONOMETRY. 

■740.  Trisronometry  is  that  branch  of  mathematics 
which  treats  of  the  solution  of  triangles. 

Every  triangle  has  six  parts — three  sides  and  three 
ansries.     If  any  three  parts  are  given,  one  of  them  being  a 
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side,  the  other  three  can  be  found.  The  process  of  finding 
the  unknown  parts  from  the  given  parts  is  called  the  solu- 
tion of  the  triangle. 

741.  In  Trigonometry,  the  circumference  of  every  cir- 
cle is  supposed  to  be  divided  into  360  equal  parts,  called 
decrees ;  every  degree  is  subdivided  into  60  equal  parts, 
called  minutes,  and  every  minute  is  again  divided  into 
60  equal  parts,  called  seconds.  Degrees,  minutes  and  sec- 
onds are  denoted  by  the  symbols  °,  ',  ''.  Thus,  the  ex- 
pression 37°  14'  44'',  is  read  37  degrees,  14  minutes  and 
44  seconds. 

Since  one  degree  is  -^  of  any  circumference,  it  follows 
that  the  length  of  an  arc  of  one  degree  will  be  different  in 
circles  of  different  diameters,  but  the  proportion  of  the 
length  of  an  arc  of  one  degree  to  the  whole  circumference 
will  always  be  the  same,  viz. ,  ^^  of  the  circumference. 
Hence,  in  two  given  circles  the  length  of  an  arc  of  1°  will 

be  proportional  to  the  two  radii.     Thus, 

HA  OB,  Fig.  60,  is  an  angle  of  I'^on  the 

iA  larger   circle,  it  is  also  1°  on  the  smaller 

iB  concentric   circle,  and  the  length  of  the 

arc  yi  j5  is  to  the  length  of  the  arc  C  D 

as  the  radius  O  B\%to  the  radius  (9  Z>;  or. 

Fig.  60.  arc  A  B  :  arc  C  D  =  O  B  :  O  D, 

Example. — If  the  arc  CD  —  %  inches,  radius  OD  =  h  inches,  and 
radius  O  B  =  ^  inches,  what  is  the  length  of  the  arc  A  Bl 


Solution. —    A  B  :2  =  9  :  5,  or  A  B  = 


9x2 


=3f  inches.    Ans. 


742«  In  Trigonometry,  the  arcs  of  circles  are  used  to 
measure  angles.  All  angles  are  supposed 
to  have  their  vertexes  at  the  center  O  of 
the  circle  (see  Fig.  61),  one  side  of  the 
angle  lying  to  the  right  of  (9,  and  coin-  ^ 
ciding  with  the  horizontal  diameter,  as 
OB, 

The  point  B  on  the  arc  is  the  starting 
point  in  measuring  an  angle ;  the  angle 
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is  supposed  to  increase  by  moving  around  the  circumference 
in  the  direction  indicated  by  the  arrow,  until  the  num- 
ber of  degrees,  minutes  and  seconds  in  the  angle  have 
been  measured  off  on  the  arc.  Suppose  that  it  stops  at 
the  point  H\  draw  O  //,  and  HOB  will  be  the  angle. 
If  K  had  been  the  stopping  point,  K  O  B  would  have  been 
the  angle. 

Example. — ^A  given  angle  equals  51" ;  to  lay  it  off  trigonometrically 
on  a  circle:  Describe  a  circle  with  any  convenient  radius,  and  draw 
the  horizontal  diameter  A  B,  From  the  point  B,  count  off  51"  in  the 
direction  of  the  arrow.  If  the  51°  stops  at  the  point  H^  draw  O  H^  and 
HOB  will  equal  51°,  and  will  be  the  required  angle. 

743*  Since  a  quadrant  is  a  fourth  part  of  a  circle,  the 
number  of  degrees  in  a  quadrant  is  one-fourth  of  360°,  or 
90**.     Hence,  a  right  angle  always  contains  90°. 

Example. — The  earth  turns  completely  around  on  its  axis  once  in 
one  day ;  through  how  many  degrees  does  it  turn  in  one  hour  ? 

Solution. — In  one  day  there  are  34  hours,  and  since  the  earth  turns 
through  860°  in  24  hours,  in  one  hour  it  will  turn  through  860°  -i-  24  = 
16°.     Ans. 

744«  In  adding  two  angles  together,  seconds  are  added 
to  seconds,  minutes  to  minutes,  and  degrees  to  degrees ;  so, 
also,  in  subtracting  two  angles,  seconds  are  subtracted  from 
seconds,  minutes  from  minutes,  and  degrees  from  degrees. 

Example.— Add  75°  46'  17"  and  14°  27'  84". 

.  Solution.—  75°  46'  17" 

14°  27'  34" 
89°  73'  51 " 
Since  73'  =  1°  18',  the  1°  is  added  to  the  89°,  and  the  sum  is  then 
written  90°  18'  51".     Ans. 

Example.— What  is  the  difference  between  126°  14'  20 '  and  45*  28' 
18"? 

Solution.—  126°  14'  20" 

45°  28'  13" 
7" 
Since  28'  cannot  be  taken  from  14',  1°  (  =  60')  is  taken  from  126°  and 
added  to  the  14',  and  the  above  is  written: 

125°  74'  20" 
45°  28'  13" 
80°  46'    7".     Ans. 
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Example.— Subtract  49**  36'  14"  from  90\ 

Solution,— «ince  1**  =  flO'  and  1'  =  00",  we  can  write,  90'  =.  ST  5^ 

60",  and 

89"  59*  60" 

49°  36^  14" 

40°  23'  46".    Ans. 

Example.— Add  83*"  15'  89"  and  96**  44'  21". 

Solution.—  83"  15'  89" 

96°  44'  21" 

179''  59'  60" 

Since  60"  =  1',  add  1'  to  59'  making  it  60* ;  since  60'  =  l',  add  1  to  ITT, 

making  it  180^ 

Therefore,  SS**  15'  89"  +  96"  44'  21"  =  180".    Ans. 


BXAMPLBS  FOR  PRACTICE. 

1    Add  48"  0'  59"  and  lO''  59'  40 ".  Ans.  54*'  0'  89". 

a.     From  180"  12'  20"  subtract  3°  12'  56 ".  Ans.  176*'  59'  24". 

a    From  84*  Uke  83**  14'  10 ',  and  to  the  result  add  14'  10".    Ans.  V. 


THE   TRIGONOMETRIC   FUNCTIONS. 

745*  A  function  of  a  quantity  is  another  quantity  de- 
pending upon  the  first  one  for  its  value.  The  circumference 
of  a  circle,  for  example,  is  a  function  of  the  diameter,  be- 
cause the  length  of  the  circumference  depends  upon  the 
length  of  the  diameter. 

746*  In  Trigonometry,  the  number  of  degrees  con- 
tained in  an  angle  is  often  denoted  by  certain  lines,  called 
the  trigonometric  functions,  whose  lengths  depend 
upon  the  arcs  which  measure  the  angles.  These  lines  are 
the  characteristic  quantities  of  trigonometry. 

The  principal  trigonometric  functions  are  the  sine,  cosine^ 
and  tangent, 

747.     The  sine  of  an  angle  is  the  line  drawn  from  the 

point  where  one  side  of  the  angle  cuts  the 
circumference  perpendicular  to  the  other 
side.  Thus,  A  C,  Fig.  02,  is  the  sine  of  the 
angle  BOA.  In  making  calculations,  the 
word  sifte  is  abbreviated  to  sin^  and  instead 
of  writing  sine  of  B  O  A^or  sine  of  34* 
FioTi.  15',  write  sia  BOA,  and  sin  34"  IS. 
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748«  The  cosine  of  an  angle  is  the  distance  from  the 
foot  of  the  sine  to  the  center  of  the  circle.  Thus,  in  the 
above  figure,  O  C  is  the  cosine  of  the  angle  BOA.  The 
word  cosine  is  abbreviated  to  cos.  Thus,  the  cosine  of 
BOAis  written  cos  BOA. 

749.  If  a  tangent  is  drawn  at  the  right  extremity  of 
the  horizontal  diameter  of  a  circle,  which  forms  one  side  of 
an.  angle,  and  the  other  side  of  the  angle  is 
prolonged  to  meet  it,  the  distance  intercepted 
by  the  two  sides  of  the  angle  is  called  the 
tanffeiit  of  that  angle.  Thus,  in  Fig.  63,  D  B 
is  the  tangent  of  B  OA,  The  word  tangent 
is  abbreviated  to  tan.  Thus,  the  tangent  of 
B  O  A  \s  written  tan  BO  A.  ^^  ^ 

750.  If  a  tangent  is  drawn  from  the  upper  extremity 
of  a  vertical  diameter  of  a  circle,  whose  horizontal  diameter 

forms  one  side  of  an  angle,  and  the  other 
side  of  the  angle  is  prolonged  until  it 
meets  this  tangent,  the  distance  inter- 
cepted on  this  tangent  between  the  ex- 
remity  of  the  vertical  diameter  and  the 
prolonged  line  is  called  the  cotangent  of 
that  angle.  Thus,  EF^  Fig.  64,  is  the  cotan- 
gent of  the  angle  BOA,  The  word  cotangent  is  abbreviated 
to cotan.  Thus,  the  cotangent  oi B O A  is  written cotan BOA* 
These  abbreviations  must  always  be  pronounced  in  full. 
Thus,  cos  14®  22'  46',  is  pronounced  cosine  of  fourteen  de- 
grees^ twenty-two  minutes  and  forty-six  seconds;  tan  45°  is 
pronounced  tangent  of  forty-five  degrees. 

Example. — Given,  an  angle  =  60'',  to  draw  its 
sine,  cosine,  tangent,  and  cotangent. 

Solution. — Describe  any  circle,  H  E  B  G,  Fig. 
65.  and  draw  the  horizontal  diameter  ///?,  and  the 
vertical  diameter  G  E,  From  B^  mark  o^  B  A  — 
60^  and  draw  O  A ;  then,  B  O  A  =  60^  At  A^ 
draw  A  C  perpendicular  to  O  B.  A  C=  sin  60°, 
and  (7  C  =  cos60^ 

Draw  a  tangent  at  B,  and  prolong  O  A  until  O  A 
intersects  the  tangent  at  D ;  then  D  B  =  tan  60**.  fig.  6& 


Fio.  64. 


22 


GEOMETRY  AND  TRIGONOMETRY, 


§4 


Draw  a  tangent  at  E,  and  prolong  it  until  it  meets  O  A  prolonged  at 
F\  then,  E  F-  cotan  eO°.    Ans. 

751.  The  sine,  cosine,  tangent,  and  cotangent  of  the 
same  angle  in  circles  of  different  radii  are  proportional  to 
the  radii.  In  a  circle  whose  radius  is  3,  for  example,  they 
are  three  times  as  great  as  the  sine,  cosine,  tangent,  and 

cotangent  of  the  same  angle  in  a  circle 
whose  radius  is  1.  Thus,  in  Fig.  66,  the 
angles  BOA  and  F  O  H  are  the  same ; 
but  if  the  radius  OB  is  three  times  as  long 
as  the  radius  O  /%  then,  by  the  principle 
of  similar  triangles  (see  Art.  7 16),  it  can 
easily  be  shown  that  the  sine  A  Cis  three 
Pig.  w.  times  as  long  as  the  sine  1/  K;  that  the 

cosine  O  Cis  three  times  as  long  as  the  cosine  O K\  that  the 
'  tangent  D  Bis  three  times  as  long  as  the  tangent  E  /%  and 
that  the  cotangent  R  N  is  three  times  as  long  as  the  cotan- 
gent L  M.     Hence,  we  have  the  two  important  principles : 

If  the  values  of  the  sine^  cosine^  tangent ^  and  cotangent  are 
known  for  any  angle  in  a  circle  whose  radius  is  i,  their 
values  for  the  same  angle  in  any  other  circle  can  be  obtained 
by  multiplying  their  known  values  in  a  circle  whose  radius  is 
7,  by  the  radius  of  the  required  circle. 

Conversely^  if  the  values  of  the  sine^  cosine^  tangent ^  and 
cotangent  are  known  for  an  angle  in  a  circle  whose  radius  is 
other  than  i,  their  values  for  the  same  angle  in  a  circle  whose 
radius  is  1  can  be  obtained  by  dividing  the  known  values  by 
the  radius  of  the  given  circle. 

ExAMPLB.— Sin  28'  21'  to  a  radius  1  =  .47486;  what  is  the  sine  of  the 
same  angle  to  a  radius  4^  ? 

Solution.—    .47486  x  4^  =  2. 18687.     Ans. 

Example.— If  tan  19**  85'  to  a  radius  5  =  1.77880,  what  does  the  tan- 
gent of  the  same  angle  to  a  radius  1  equal  ? 

Solution.—    1. 77880  -4-  5  =  .  35576.     Ans. 

752.  To  facilitate  calculations,  tables  of  the  trigonomet- 
ric functions  are  employed.  These  tables  give  the  sine, 
cosine,  tangent,  cotangent,  etc.,  of  the  degrees  and  minutes 
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in  a  circle  whose  radius  is  1.  Hence,  when  the  sine,  cosine, 
tangent,  or  cotangent  is  given  for  an  angle  in  a  circle  whose 
radius  is  greater  or  less  than  1,  its  value  must  be  found  for 
a  circle  whose  radius  is  1,  before  the  table  can  be  used. 

For  example,  suppose  we  have  measured  the  sine  of  a 
certain  angle  belonging  to  a  circle  whose  radius  is  20  feet, 
and  found  that  it  measures  9.4072  feet,  and  wanted  to  find 
how  many  degrees  the  angle  contained.     In  this  case  the 

sine  of  the  angle  for  a  circle  whose  radius  is  2.0  feet  =  9.4972 

0  4072 
feet.     By  dividing  9.4972  by  20,  we  have  ^^=  .47486, 

which  is  the  sine  of  the  same  angle  in  a  circle  whose  radius 
is  1 ;  and  by  looking  in  a  table  containing  the  natural  sines 
of  angles  for  different  degrees  and  minutes,  we  find  opposite 
.47486,  28°  21',  which  is  the  size  of  the  angle.  The  method 
of  using  the  table  of  natural  sines,  cosines,  tangents,  and 
cotangents  will  be  explained  later. 

753.  The  application  of  the  trigonometric  functions  is 
y  made  in  right-angled  triangles.     Thus,  in 

Fig.  67,  -^  -5  C  is  a  right-angled  triangle, 
right-angled  at  C.  If  A  be  taken  as  a 
center,  and  A  B  sls  sl  radius,  and  an  arc 
D  B  F  he  described,  B  C  will  be  the  sine 
of  the  angle  B  A  Cj  and  A  C  will  be  the 
c  D  cosine  oi  B  A  C.  If,  with  the  same  center 
Fig.  67.  ^\^  ^y^  with  A  C  2iS  a,  radius,  an  arc  CHE 

be  described,  B  C  will  be  the  tangent  oi  B  A  C. 

754.  To  show  the  method  of  using  the  sine,  cosine  and 
tangent,  the  following  cases  will  be  considered : 

Case  I. — Suppose  we  have  a  right- 
angled  triangle  ABC,  Fig.  G8,  right-  ^^ 
angled  at  C,  and  that  we  know  the 
lengths  oi  A  B  and  B  C,  and  wish  to 
find  the  length  of  A  C,  and  the  angles 
A  and  B,                                                   _ 

As  A  CB  is  a,  right-angled  triangle,  ^^^"  *'• 

we  can  calculate  A  C  by  subtracting  the  square  oi  B  C 
from   the   square   of  A  B,  and   extracting  the  square  root 
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of  the  remainder,  or  A  C  =  r  An  —  B C^,  (See  Art. 
714.)  But  we  should  not  know  the  angles  A  and  B. 
Hence,  we  proceed  as  follows:  With  ^  as  a  center,  and 
A  B  2i%  ^  radius,  describe  the  arc  B  D\  then,  B  C  is 
the  sine  of  the  angle  A,  and  ^  -ff  is  the  radius  of  the 
circle.  Suppose  that  A  B  =  15  feet,  and  B  C  =  8.604 
feet.     Now,  reduce  B  C  to  sl  circle  whose  radius  is  1,  by 

dividing  8.604  by  15,  or     '        =  .5736  =  sine  of  angle  A,  in 

a  circle  whose  radius  is  1. 

Looking  in  a  table  of  natural  sines,  we  find  opposite  .  5736, 

35** ;  hence,  angle  A  =  35°.     Now,  observe  from  the  figure 

that  A  B  is  the  hypotenuse,  and  B Cis  the  side  opposite  the 

angle  we  wish  to  find ;  then,  since  we  divided  B  Chy  A  B^ 

to  reduce  the  sine  to  a  circle  whose  radius  is  1,  we  have 

^    -     -       j/V/r  opposite  -         ,     .  .    ,       , 

Rule  1. J — — ~ =  sine  of  ansrle  tn  a  circle  whose 

hypotenuse  "^       ^ 

radius  is  1, 

Since  angle  A  +  angle  ^=90'';    angle  B^SSQP  —  35°  = 

55°.     Having  found  the  angle  B^  the  side  A  C  can  be  easily 

found  by  referring  to  a  table  of  natural  sines,  in  which  the 

sine  of  55°  will  be  found  to  be  equal  to  .81915. 

^  1-1.        side  opposite         .         .         . 

From  rule  1,  we  have  -; ^-^- =  sme  of  anirle,  or 

hypotenuse 

A  C 
since  B  is  an  angle  of  55°,  and  ^  C  is  the  side  opposite,  -— --  = 

.81915,  ox  AC=  .81915  X  15  =  12.29  feet.     We  now  know 
all  of  the  sides  and  angles. 

Since  A  C=  .81915  X  15  =  sine  of  the  angle  B  X  hypote- 
nuse, and  A  C  ^=^  side  opposite,  we  have. 

Rule  2. — Side  opposite  =  hypotenuse  X  sine. 
Cask  II. — Suppose  that  in  a  right-angled  triangle,  A  B  C^ 

Fig.  69,  right-angled  at  C,  the  side 
A  C  =  14,  and  the  hypotenuse  A  B  =i 
18,  had  been  given,  to  find  B  C,  and  the 
angles  A  and  B.  B  Cis  called  the  Bide 
I  i  opposite  the  angle  Ay  and  A  Cis  called 
the  Bide  adjacent.  With  ^  as  a  center, 
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and  A  B  3LS  3,  radius,  describe  the  arc  B  D.  Then  A  C  is 
the  cosine  of  the  angle  A  to  3.  radius  A  B  =1S;  cos  ^  to  a 
radius  1  =  14  -5- 18  =  .  77778.  Referring  to  a  table  of  natural 
cosines,  .77778  will  be  found  to  be  the  cos  of  38°  56'  32". 

Hence,  the  angle  A  =  38°  56'  32'.     To  find  B^  subtract  A 
from  90°. 

90°  =  89°  59'  60' 
38°  56'  32' 


51°    3' 28' 
Therefore,  5  =  51°  3'  28'. 

But  since  14  -5- 18  =  yi  C-h  A  B,  we  have 

side  adjacent 

Rule  3. —        .    ^  / =  cosine, 

hypotenuse 

B  Cis  side  opposite  the  angle  A  ;. therefore,  since  side  op- 
posite =  hypotenuse  X  sine  (rule  2),  B  C=  IS  X  sin  38°  56' 
32'  =  18X  .62853  =  11.31. 

^.  .  side  adjacent  ,     ,     -»v         , 

Since  cosine  =  — ; (  rule  3),  we  have 

hypotenuse  "^ 

Rule  4. — Side  adjacent  =  hypotenuse  X  cosine. 

Case  III. — In  Fig.  70,  ^  C  -ff  is  a  right-angled  triangle, 
right-angled  at  C,  Let  ^  C=  9,  and  A  C=  16.  To  find 
the  hypotenuse  A  B^  and  angles  A  and 
B,  In  the  preceding  cases,  the  hypot- 
enuse was  given  ;  A  was  taken  as  a  cen- 
ter, and  the  hypotenuse  A  B  sls  a.  radius. 
But  since,  in  the  present  case,  the  hy- 
potenuse is  unknown,  we  cannot  use  it  '^  fig.  to.  ^ 
as  in  rules  1,  2,  3,  and  4.  So  we  take  the  same  center  A, 
and  A  C  SLS  a,  radius,  and  describe  the  arc  C  D.  Then,  B  C 
is  the  tangent  of  the  angle  A  to  a.  radius  16,  and  9  -r- 16  = 
.5625,  or  tangent  ^  to  a  radius  1.  In  a  table  of  natural 
tangents  we  find  .5625  opposite  29°  21'  28'. 

Therefore,  A  =  29°  21'  28',  and  B  =  90°  -  29°  21'  28'  = 
60**  38'  32'. 

To  find  A  B,  we  use  rule  2,  side  opposite  =  hypotenuse  X 
sine,  or  9  =  sin  29°  21'  28'  X  hypotenuse.     In  the  table  of 
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natural  sines,  we   find   that  sin  29''  21'  28*^  =  .49026.     9  = 

9 

.49026  X  hypotenuse,  or  hypotenuse  =  =  18.36. 

.490^0 

Since  B  C  =  9y  or  side  opposite,  A  C=  16,  or  side  adja« 
cent,  and  Q'i-1G  =  BC'^A  C,  or  tangent,  we  have 

«.    -     -.       1-  ^        ^^^^  opposite       . 

Rule  5. —  rans[cnt  =  —r-z — ^. -/  also, 

^  stae  adjacent 

Rule  6« — Side  opposite  =  tangent  x  side  adjacent. 
We  also  have 

•^    -     -      X-  .  .       side  adjacent  - 

Rule  7. — Cotangent  =  -^ — f^- — r— /  and 

^  side  opposite 

Rule  8. — Side  adjacent  =  cotangent  X  side  opposite. 

By  means  of  these  eight  rules,  we  can  find  the  side  and 
angles  of  any  triangle,  when  three  of  its  parts  are  given, 
one  part  being  a  side. 

They  should  be  memorized^  and  for  convenience  are  again 

given  here. 

^    ,     ^       ^ .  side  opposite 

Rule  1. — Sine  =  —, ^ . 

hypotenuse 

Rule  2. — Side  opposite  —  hypotenuse  x  sine. 

^    .  ^    .  side  adjacent 

Rule  3. — Cosine  =  - ,- — . 

hypotenuse 

Rule  4. — Side  adjacent  =  hypotenusex  cosine. 

^  side  opposite 

Rule  5. — langent  =  -^rj — ^. -. 

^  side  adjacent 

Rule  6. — Side  opposite  =  side  adjacent  x  tangent. 

^  side  adjcrcent 

Rule  7. — Cotangent  =  —^ f^- — r— . 

^  side  opposite 

Rule  8. — Side  adjacent  =  cotangent  X  side  opposite. 

To  these  may  be  added  two  more: 


rr  side  opposite 

. — Hypotenuse  — v^^ . 

sine 

side  adjacent 


Rule  9 

sine 


Rule  lO. — Hypotenuse  • 

'^^  cosme 

When  solving  triangles  by  means  of  these  rules,  and  the 

hypotenuse  is  given  or  required,  use  rule  1,  2»  3,  4,  9,  or 

lO ;  but,  when  the    two  sides  about   the  right   angle   are 

given,  use  rules  5  and  6  or  7  and  8. 
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BXAMPLBS  FOR  PRACTICB. 

1.  Given,  an  angle  =  45**,  to  draw  its  sine,  cosine  and  tangent. 

2.  Given,  the  tangent  of  an  angle  in  a  circle  3  inches  in  diameter  = 
2  inches.  Draw  a  figure,  and  from  it  find  the  sine  of  the  same  angle  in 
a  circle  whose  radius  is  twice  as  great. 

8.  The  CQsine  of  an  angle  in  a  circle  whose  radius  is  1  inch  is  .9654 
inch,  (a)  What  is  the  cosine  of  the  same  angle  in  a  circle  whose  radius 
measures  3^  inches  ?    (d)  What  in  a  circle  whose  radius  is  .63  inch  ? 

( (a)  3.3789  in. 
•  1  (d)  .6082  in. 

TRIGONOMETRIC   TABLES. 

755.  In  the  foregoing  rules,  the  sines,  cosines,  tangents, 
and  cotangents  are  to  be  taken  from  printed  tables,  which 
have  previously  been  referred  to.  There  are  two  kinds  of 
tables  in  general  use  ;  the  first  is  a  table  of  natural  Sines, 
cosines,  tangents,  etc.,  and  gives  their  actual  values  for  a  cir- 
cle whose  radius  is  1.  In  other  tables,  logarithms  are  used. 
The  first  is  the  table  that  wfe  shall  employ,  and  the  method 
of  using  it  will  now  be  explained. 

756*  Given,  an  angle*  to  And  its  sine,  cosine, 
tangent,  and  cotangent : 

Example. — Let  it  be  required  to  find  the  sine,  cosine,  tangent  and 
cotangent  of  an  angle  of  87"  24'. 

Solution. — Look  in  the  table  of  natural  sines  along  the  tops 
of  the  pages  and  find  37°.  The  left-hand  column  is  marked  ('),  mean- 
ing that  the  minutes  are  to  be  sought  in  that  column,  and  begin  with 
0,  1,  2,  3,  etc.,  up  to  60.  Glancing  down  this  column  until  24  is  found, 
find  opposite  this  24  in  the  column  marked  sm^,  and  headed  37°,  the 
number  .60738;  then  .60788  =  sin  37°  24'  to  a  radius  1.  In  exactly  the 
same  manner,  find  in  the  column  marked  cosine^  and  headed  87°,  the 
number  .79441,  which  corresponds  to  cos  37°  24' ;  or  cos  37°  24'  =  .79441. 
So,  also,  find  in  the  column  marked  tangent^  and  headed  37",  and 
opposite  24',  the  number  .76456;  whence,  tan  37°  24'  =  .76456.  Finally, 
find  in  the  column  marked  cotangent  and  headed  37°,  and  opposite  24', 
the  number  1.80795;  whence,  cotan  87°  24'  =  1.30795. 

In   most   of   the   tables   published,  the   angles  run  only 

from  0°  to  45°,  at  the  heads  of  the  columns;   to   find   an 

angle  greater  than  45°,  look  at  the  bottom  of  the  page  and 

glance  upwards^  using  the  extreme  right-hand  column  to 

find  minutes,  which  begin  with  0  at  the   bottom  and  run 

upwards,  1,  2,  3,  etc.,  up  to  00. 
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Example. — Find  the  sine,  cosine,  tangent,  and  cotangent  of  77°  48^. 

Solution. — Since  this  angle  is  greater  than  45°,  look  along  the  bot- 
tom of  the  tables,  until  the  column  marked  sine,  and  headed  77'',  is 
found.  Glancing  up  the  column  of  minutes  on  the  right,  until  48'  is 
found,  find  opposite  43'  in  the  column  marked  sine  at  the  bottom,  and 
headed  77%  the  number  .97711;  this  is  the  sine  of  77°  48',  or  sin  77°  48* 
=.97711.  Similarly,  in  the  column  marked  cosine,  and  headed  77', 
find  opposite  48',  in  the  right-hand  column,  the  number  .21375;  this  is 
the  cosine  of  77°  48',  or  cos  77"  43'=  .21275.  So,  also,  find  that  4.59288 
is  the  Ungent  of  77°  43',  or  tan  77°  43'  =4.59283.  Finally,  find  in  the 
same  manner,  that  the  cotangent  of  77°  48',  or  cotan  77°  48'  =  .21773. 

Let  it  be  required  to  find  the  sine  of  14°  22'  26'. 

Explanation. — The  sine  of  14°  22'  26',  lies  between  the 
sine  14°  22'  and  14°  23'.  Sin  14°  22'  =  .24813;  sin  14°  23'  = 
.24841;  difference  =  .00028.  Hence,  there  are  28  parts  be- 
tween sin  14°  22'  and  sin  14°  23',  or  28  parts  corresponding 
to  a  difference  of  1'.  Now,  since  1'  =  60',  the  number  of 
parts  between  sin  14°  22'  and  sin  14°  22'  26',  that  is,  the 
number  of  parts  corresponding  to  a  difference  of  26',  must 
be  1^  X  28  =  12.1.  Since  .1  is  less  than  .5,  omit  it,  and  we 
have  12  as  the  number  of  parts  to  be  added  to  the  sine  of  14° 
22'  to  produce  the  sine  of  14°  22'  26'. 

Therefore,  sin  14°  22'  26'  =  .24813  +  .00012  =  .24825. 

By  referring  to  the  table  of  sines,  cosines,  tangents,  and 
cotangents,  it  will  be  observed  that,  as  the  angles  increase 
in  size,  the  sines  and  tangents  increase,  while  the  cosines  and 
cotangents  decrease.  In  the  above  example,  therefore,  had 
it  been  required  to  find  the  cosine  or  the  cotangent  of  14°  22' 
26',  the  correction  for  the  26'  would  have  been  subtracted 
from  the  cosine  or  the  cotangent  of  14°  22',  instead  of  added 
to  it.  From  the  foregoing,  we  have,  to  find  the  sine,  cosine, 
tangent,  or  cotangent  of  an  angle  containing  seconds,  the 
following  rule : 

Rule  1 1 . — Find  in  the  table  the  sifie^  cosine^  tangent y  or 
cotangent  corresponding  to  the  degrees  and  minutes  of  the 
angle. 

For  the  seconds ^  find  the  differ ejice  of  the  values  of  the  sine^ 
cosine^  tangent^  or  cotangeiit^  taken  fro7n  the  table  between 
which  the  seconds  of  the  angle  fall;  multiply  this  difference 
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by  a  fraction  whose  ftumerator  is  the  number  of  seconds  in  the 
given  anglCy  and  whose  denominator  is  60. 

If  sine  or  tangent^  add  this  correction  to  the  value  first 
found;  if  cosine  or  cotangent^  subtract  the  correction. 

Example. — Find  the  sine,  cosine,  tangent,  and  cotangent  of  56*  43'  17'. 

Solution.— Sin  56"  48' =  .83597.  Sin  56**  44' =  .88613.  Since  56"  43' 17' 
is  greater  than  56'*  43'  and  less  than  56**  44*,  the  value  of  the  sine  of  the 
angle  lies  between  .83597  and  .83613;  the  difference  =  .83613  -  .83597  = 
.00016;  multiplying  this  by  the  fraction  \\,  .00016  X  iJ  =  .00005,  nearly, 
which  is  to  be  added  to  .83597,  the  value  first  found,  or  .83597  +  .00005 
=  .83602.     Hence,  sin  56''  43'  17'  =  .83602.    Ans. 

Cos  56"  43' =.54878;  cos  56°  44' =  .54854;  the  difference  =  .54878 - 
.54854  =  .00024,  and  .00024  X  i  J  =  .00007,  nearly.  Now,  since  the  cosine 
is  desired,  we  must  subtract  this  correction  from  cos  56"  43'  or  .54878; 
subtracting,  .54878  -  .00007  =  .54871.  Hence,  cos  56"  43'  17'  =  .54871. 
Ans. 

Tan  56"  48'  =  1.52332;  tan  56"  44'  =  1.52429;  the  difference  =  .00097, 
and  .00097  X  H  = -^^27,  nearly.  Since  the  tangent  is  desired,  we 
must  add,  giving  1.52332  +  .00027  =  1.52359.  Hence,  tan  56"  43'  17'  = 
1.52859.     Ans. 

Cotan  56"  43' =  .65646;  cotan  56"  44' =  .65604;  the  difference  = 
.00042,  and  .00042  X  iJ  =  .00012,  nearly.  Since  the  cotangent  is  de- 
sired, we  must  subtract,  giving  .65646  — .00012  =  .65634.  Hence, 
cotan  56"  48'  17'  =  .65634.    Ans. 

757*  Given,  tlie  siney  cosine,  tangent,  or  cotan^ 
sent,  to  find  tlie  angle  corresponding: 

Example. — The  sine  of  an  angle  is  .47486;  what  is  the  angle*  ? 

Solution. — Consulting  the  table  of  natural  sines,  glance  down  the 
columns  marked  sine,  until  .47486  is  found  opposite  21',  in  the  left-hand 
column,  and  under  the  column  headed  28\  Therefore,  the  angle 
whose  sine  =  .47486  is  28"  21',  or  sin  28"  21'  =  .47486.     Ans. 

ExAMPLB.—Find  the  angle  whose  cosine  is  .27032. 

Solution. — Looking  in  the  columns  marked  cosine,  at  the  top  of  the 
page,  it  is  not  found ;  hence,  the  angle  is  greater  than  45° ;  conse- 
quently, looking  in  the  columns  marked  cosine  at  the  bottom  of  the 
page,  it  is  found  opposite  19',  in  the  r/;^^/-^««^  column  of  minutes,  and 
in  the  column  headed  74"  at  the  bottom.  Therefore,  the  angle  whose 
cosine  is  .27032,  is  74"  19',  or  cos  74"  19'  =  .27032.     Ans. 


♦Note. — Whenever  the  sine,  cosine,  tangent,  or  cotangent  of  an 
angle  is  given,  and  no  radius  is  specified,  the  radius  is  always  under- 
stood to  be  1. 


30  GEOMETRY  AND  TRIGONOMETRY.  §  4 

Example. — Find  the  angle  whose  tangent  is  2.15925. 

Solution. — On  searching  a  table  of  natural  tangents,  it  is  found  to 
belong  to  an  angle  greater  than  45**,  so  it  must  be  looked  for  in  the 
column  marked  tangent  at  the  bottom.  It  is  found  opposite  9',  in  the 
right-hand  column  of  minutes,  and  in  the  column  headed  65**  at  the 
bottom.     Therefore,  tan  65*"  9'  =  2.15925.     Ans. 

Example. — Find  the  angle  whose  cotangent  is  .48412. 

Solution. — From  the  table  of  natural  cotangents,  it  is  found  that 
this  value  is  less  than  the  cotangent  of  45°,  so  it  must  be  found  in  the 
column  marked  cotangent  at  the  bottom.  Looking  there,  it  is  found 
in  the  column  headed  66"  at  the  bottom,  and  opposite  82',  in  the  right- 
hand  column  of  minutes.  Therefore,  the  angle  whose  cotangent  is 
.43412,  is  66°  82',  or  cotan  66°  82'  =  .48412.     Ans. 

Let  it  be  required  to  find  the  angle  whose  sine  is  .42531. 

Explanation. — Referring  to  the  table  of  sines,  this  num- 
ber is  found  to  lie  between  .42525,  the  sine  of  25°  10',  and 
.42552,  the  sine  of  25°  11'.  The  difference  between  these 
two  numbers  =  .42552  — .42525  =  .00027,  or  27  parts;  the 
difference  between  .42525,  the  sine  of  25°  10',  and  .42531, 
the  sine  of  the  given  angle,  =  .42531  —  .42525  =  .00006,  or  6 
parts.  Therefore,  the  angle  whose  sine  is  .42531,  is  greater 
than  25°  10'  by  6  of  the  27  parts  between  sin  25°  10'  and  sin 
25°  11'.     Hence,  the  angle  whose  sine  =  .42531  =  25°  lO^V- 

Since  1'  =  60',  ^^ minute  =  ^\  x  60  =13.3'.  Therefore, the 
angle  whose  sine  is  .42531  =  25°  10'  13.3'. 

In  this  case,  the  correction  is  added  for  the  cosine  and 
cotangent,  as  well  as  for  the  sine  and  tangent,  because  for 
any  difference  between  the  given  sine,  cosine,  tangent,  or 
cotangent,  and  the  one  belonging  to  the  angle  next  lower, 
the  size  of  the  angle  always  increases  a  corresponding 
amount. 

758.  To  find  the  angle  corresponding  to  a  given  sine, 
cosine,  tangent,  or  cotangent,  whose  exact  value  is  not  con- 
tained in  the  table : 

Rule  12. — Find  the  difference  of  the  two  numbers  in  the 
table  betwee7i  which  the  given  sine,  cosine,  or  tangent  falls^ 
and  use  the  number  of  parts  in  this  difference  as  the  denomi- 
nator of  a  fraction. 
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Find  the  difference  between  the  number  belonging  to  the 
smailer  angle^  and  the  give,n  sine^  cosine,  tangent,  or  cotan- 
gent, and  use  the  number  of  parts  in  the  difference  Just  found 
as  the  numerator  of  the  fraction  mentioned  above.  Multiply 
this  fraction  by  60,  and  the  result  will  be  the  number  of 
seconds  to  be  added  to  the  smaller  angle. 

Example. — Find  the  angle  whose  sine  =  .57698. 

Solution. — Looking  in  the  table  of  natural  sines,  in  the  columns 
marked  sine,  it  is  found  between  .57691  =  sin  35°  14'  and  .57715  =  85°  15'.. 
The  difference  between  them  is  .57715  — .57691  =  .00024,  or  24  parts. 
The  difference  between  the  sine  of  the  smaller  angle,  or  sin  85°  14'  = 
.57691.  and  the  given  sine,  or  .57698,  is  .57698  -  .57691  =  .00007,  or  7  parts 

Then,  ,V  X  60  =  17.5',  and  the  angle  =  85°  14'  17.5',  or  sin 
85**  14'  17.5'  =  .57698.     Ans. 

Example. — Find  the  angle  whose  cosine  is  .27052. 

Solution. — Looking  in  the  table  of  cosines,  it  is  found  to  belong  to 
a  greater  angle  than  45°  and,  hence,  must  be  sought  for  in  the  columns 
marked  cosine,  at  the  bottom  of  the  page.  It  is  found  between  the 
numbers  .27060  =  cos  74°  18'  and  .27082  =  cos  74°  19'.  The  difference 
between  the  two  is  .27060  -r  .27032  =  .00028,  or  28  parts.  The  cosine  of 
the  smaller  angle,  or  74°  18*,  is  .27060,  and  the  difference  between  this 
and  the  given  cosine  is  .27060  —  .27052  =  .00008,  or  8  parts. 

Hence,  J^  X  60  =  17.14',  nearly,  and  the  angle  whose  cosine  is 
.27052  =  74"  18'  17.14',  or  cos  74°  18'  17.14'  =  .27052.     Ans. 

Example. — Find  the  angle  whose  tangent  is  2.15841. 

Solution.— 2.15841  falls  between  2.15760  =  tan  65°  8',  and  2.15925  = 
tan  65°  9'.  The  difference  =  2.15925  -  2.15760  =  .00165,  or  165  parts. 
2.15841  —  2.15760  =  .00081,  or  81  parts.  -jVy  X  60  =  29.5",  nearly,  and  the 
angle  whose  tangent  is  2.15841  =  65°  8' 29.5  ",  or  tan  65^^  8' 29.5"  = 
2.15841. 

Example. — Find  the  angle  whose  cotangent  is  1.26342. 

Solution.—  1.26842  falls  between  1.26895  =  cotan  38°  21',  and  1.26819 
=  cotan  88°  22'.  The  difference  =  1.26395  -  1.26319  =  .00076.  1.26395 
—  1.26842  =  .00058.  f  Jx60  =  41.9,  nearly,  and  the  angle  whose  cotan- 
gent is  1.26342  =88°  21'  41.9",  or  cotan  38°  21'  41.9"  =  1.26842. 


EXAMPLBSI  FOR  PRACTICE. 

1.     Find  (a)  the  sine,  {b)  cosine  and  {c)  tangent  of  48°  17'. 

{{a)  .74644. 

Ans.  \  {b)  .66545. 

((0   1.12172. 
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2.     Find  the  (a)  sine,  (d)  cosine,  and  (r)  tangent  of  IS**  11'  6". 

/  (a)  .22810. 

Ans.  ]  id)  .97864. 

a     Find  the  {a)  sine,  (^)  cosine,  and  (c)  tongent  of  72*^  0'  1.8". 

f  (a)  .95106. 

Ans.  ]  (d)  .80901. 

((r)  8.07777. 

4.  (a)  Of  what  angle  is  .26489   the  sine  ?    (d)  Of   what  is  it  the 

cosine ?  \       i^^)  ^^^  ^^'  ^'^"' 

i  {d)  74°  88'  22.8". 

5.  (a)  Of  what  angle  is  .68800  the  sine  ?  (d)  Of  what  the  cosine  ?  (c) 
Of  what  the  tangent  ?  /  (a)  AS"  28'  20". 

Ans.  ]  ifi)  46°  81'  40". 
({c)  34°  31' 40.6". 


THE   SOLUTION   OF   TRIANGLES. 

759*  As  previously  stated,  every  triangle  has  six  parts, 
three  sides  and  three  angles,  and  if  any  three  parts  are  given, 
one  of  them  being  a  side,  the  other  three  may  be  found. 

In  right-angled  triangles,  it  is  only  necessary  to  know  two 
parts  in  addition  to  the  right  angle,  one  of  which  must  be  a 
side. 

Rules  1  to  12  are  sufficient  for  solving  all  cases. 


RIGHTi-ANGLED  TRIANGLES. 

The  method  of  solving  right-angled  triangles  has  already 
been  explained,  but  a  few  additional  examples  will  be  con- 
sidered.    There  are  two  cases: 

Case  I. — When  the  tivo  given  parts  are  a  side  and  an  angle: 

Example. — In  Fig.  71,  the  hypotenuse  A  B  oi  the  right-angled  tri- 
ll   angle  AC B  is  34  feet,  and  the  angle  A  is 
29°  31',  to  find  the  sides  A  C  and  B  C,  and  the 
angle  B.  '   • 

Note. — When  working  examples  of  this 

kind,  construct  the  figure,  and  marlc  the  known 

parts.      This  is  a  great  help  in  solving  the 

Fig.  71.  ~     example.     Hen^e,  in  the  figure  draw  the  angle 

A  to  represent  an  angle  of  29°  31',  and  com- 
plete the  right-angled  triangle  A  CB,  right-angled  at  C,  as  shown. 
Mark  the  angle  A  and  the  hypotenuse,  as  is  done  in  the  figure. 

Solution.— Angle  ^  =  90"  -  29°  31'  ;=  60°  29'.  To  find  A  C.  use  rule 
4 ;  viz.,  A  C,  or  side  adjacent  =  hypotenuse  X  cosine  =  24  X  cos  28°  81' 
=  24  X  .87021  =  20.89  feet,  nearly. 
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To  find  B C  use  the  same  rule ;  thus,  ^  C=  24  X  cos  60°  29'  =  24  X 
.49268  =  11.82  feet,  nearly.  To  find  BC,  rule  2  could  also  have  been 
used,  viz.,  side  opposite  =  hypotenuse  X  sine,  or  ^  C  =  24  X  sin  29"  31' 

=  24  X  .49268  =  11.82  feet,  nearly.  (  Angle  ^  =  60*'  29'. 

Ans.  ]Side  y^C  =  20.89  ft. 
(Side  i9C  =  11.82  ft. 

Example. — One  side  of  a  right-angled  triangle,  ABC,  Fig.  72,  is 

37  feet  7  inches  long;  the  angle  opposite  is 
25**  33'  7".  How  long  is  the  hypotenuse,  the 
side  adjacent,  and  what  is  the  other  angle  ? 

Solution.  —Angle  ^  =  90"  -  25"  38'  7"  = 
64"  2«'  53 '. 

To  find  the  hypotenuse,  use  rule  9, 

^<'-  »•  hypotenuse  =  «'de  opposite 

^  ^  sine 

Since  the  side  opposite  is  given  in  feet  and  inches,  both  must  be 
reduced  to  feet,  or  both  to  inches. 

7  in.  =  A  of  a  foot  =  .588  +  of  a  foot,  and  i?  C  =  37.688  ft 

mu      4^         *v     u       *  3'7-583  37.583      o^-qq/    ^ 

Therefore,  the  hypotenuse  =  ^.^  ,^.  ^,  ^„  =  -43J33  =  37.133  feet  = 

87  ft  2  in.,  nearly. 

To  find  the  side  A  C,  use  rule  4,  side  adjacent  =  hypotenuse  X 
cosine  =  87.133  X  cos  25"  33'  T  =  87.133  X  .90219  =  78.61  feet  =  78  ft  7^ 
in.,  nearly.  r  Angle  ^  =  64"  26' 53 '. 

Ans.  ■]  ^  C  =  78  f  t  U  in. 
(  ^  ^  =  87  f  t.  2  in. 

The  work  involved  in  finding  the  sine  and  cosine  of  25"  33'  7".  in  the 
above  example,  is  as  follows:  Sin  25"  83'  =  .43130;  sin  25"  34'  =  .43156; 
difference  =  .00026;  .00026  X  A  =  .000Q3.  Hence,  sin  25"  33'  7 "  =  .43130 
+  .00003  =  .43183. 

Cos  25"  33'  =  .90221 ;  cos  25"  34'  =  .90208;  difference  =  .00013;  .00013 
X  A  =  .00002,  nearly.     Hence,  cos  25"  33'  7  "  =  .90221  -  .00002  =  .90219. 

II. —  IVAen  two  sides  are  given  : 


Example. — In  the  right-angled  triangle, 
ABC,  Fig.  78,  right-angled  at  C,  A  C=  18, 
and  ^  C=15,  to  find  A  B  and  the  angles 
A  and  B, 

Solution. — Since  the  hypotenuse  is  not 
given,  use  rule  5,  viz. : 

Tangents  =^!^l^eB2!i!i=  11  =  .83333.    ,, 

*  Side  adjacent      18  A  Ys 

To  find  the  angle  whose  tangent  is  .83333,  pio.  78. 

we  have:    Tangent  of  next  less  angle  =  .83317  =  tan  39"   48';   of  the 

next    greater    angle  =  .83366;     difference  =  .00049.      The    difference 
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t3etween  .83817,  the  tangent  of  the  smaller  angle,  and  .83833,  the  given 
tangent,  =  .88383  —  .83317  =  .00016.  Hence,  J}  X  60  =  19.6',  and  the 
angle  whose  Ungent  is  .83338  =  39"  48'  19.6'  =  angle  A. 

Angle  ^  =  90**  -  39"  48'  19.6'  =  50"  11'  40.4'. 

To  find  the  hypotenuse  A  /?,  use  rule  9. 


_-       ^                 side  opposite 
Hypotenuse  = :— =  — 


15 


15 


sine 


23.43. 


sin  39^  48'  19.6*      .64018 

( Angle  y|  =  39"  48'  19.6'. 
Ans.   ■!  Angle  ^  =  50"  11'  40.4'. 
iAB  =  23.43. 


.0MM7 

Fig.  74. 


Example. — In  the  right*angled  triangle, 
ABC,  Fig.  74,  right-angled  at  C,  ^  C  = 
.024967  mile,  and  A  B  =  .04792  mile;  to  find 
the  other  parts. 

Solution. — To  find  angle  A,  use  rule  3. 

^    .•       .     side  adjacent     .024967     „.^. 

Cosme  A  =  ~. -^ =   /A^wn^  =.52101. 

hypotenuse       .04792 

The  angle  whose  cosine  is .  52101  =  58"  36'  = 
angle  A.     Angle  ^  =  90"  -  58^  36'  =  31"  24'. 

To  find  side  B  C,  use  rule  6. 

Side  opposite  A  =  side  adjacent  X  tan  A» 
or  BC=  .024967  X  1.63826  =  .0409  mile. 

(  Angle  /I  =  58"  86'. 
Ans.  ]  Angle  B  =  31"  24'. 
(^C  =  .  0409  mile. 


Example. — In  the  right-angled  triangle, 
ABC,  Fig.  75,  right-angled  at  C,  ^  /y  =  308 
feet,  and  B  C —  2U  feet ;  to  find  the  other 
parts. 

Solution. — To  find  angle  A,  use  rule  1. 

^.         .      side  opposite      234        ^-rn^j 

Sme  A  =  -r T^ ~  o7i3  =  .759 <4. 

hypotenuse       308 

The  angle  whose  sine  is  .75974  =  49^  26'  28', 
nearly,  =  angle  A.  Angle  ^  =  90"  -  49"  26'  28' 
=  40"  33'  32". 

To  find  A  C  use  rule  8. 

Side  adjacent  A  =  cotan  A  X  side  opposite,  or  ^  C=  .85586  X  284=; 
200.27  feet.  (  Angle  A  =  49"  26'  28'. 

Ans.  ]  Angle  ^  =  40"  83'  82% 
(^(7^200.27  feet 


Fig.  75. 
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BXAMPLKS  FOR  PRACTICE. 

1.  In  a  right-angled  triangle  A  B  C,  right-angled  at  C,  the  hypot- 
enuse A  B=:^  inches,  and  angle  A  =  28''  14'  14'.  Solve  the 
triangle.  ^^^^^  ^  ^  gjo  ^g,  ^^. 

Ans.  ]ylC=  35.24  in. 
(i?C  =  18.92  in. 

2.  In  a  right-angled  triangle  A  B  C,  right-angled  at  C,  the  side  BC^ 
10  feet  4  inches.     If  angle  A  =  26**  59*-  6',  what  do  the  other  parts 

^^^ '  (  Angle  ^  =  63^  0'  54'. 

Ans.  -j  ^  ^  =  22  ft.  9 J  in.,  nearly. 
KA  Cr=  20  ft.  31  in.,  nearly. 

8.  In  a  right-angled  triangle ,  A  B  C,  the  hypotenuse  A  B=:&)  feet, 
and  the  side  ^  C  =  22  feet.     Solve  the  triangle. 

/  Angle  ^  =  68**  29'  22.2*. 
Ans.  •]  Angle  B  =  2V  30'  37.8'. 
(^C=  55.82  ft. 

4  In  a  right-angled  triangle  A  BC^  right-angled  at  C,  side  A  C=z 
.364  foot  and  side  B  C=z  .216  foot.     Solve  the  triangle. 

/  Angle  A  =  30**  41'  7.5'. 
Ans.  ]  Angle  B  =  59"  18'  52.5'. 
(a  B  =.423  ft 


OBLIQUB   TRIANGLES. 

760.  When  three  parts  of  any  triangle  are  given,  one 
being  a  side,  the  remaining  parts  can  be  found  by  means  of 
right-angled  triangles,  by  drawing  a  perpendicular  from  one 
angle  to  the  opposite  side.  The  parts  of  these  triangles  can 
then  be  computed,  and  from  them  the  parts  of  the  required 
triangle  can  be  found. 

761.  Caution. — IV/ien  dividing  the  triangle  into  two 
right  -  angled  triangles^  care  must  be  taken  that  the  perpen- 
dicular be  so  drawn  that  one  of  the  right-angled  triangles 
will  have  two  known  parts  besides  the  right  angle ;  otherwise 
the  triangle  cannot  be  solved. 


I. —  When  the  three  known  parts  are  a  side  a?id  two 
angles^  or  an  angle  and  two  sides: 
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Example.— In  Fig.  76,  the  angle  ^  =  46*  14',  the  angle  B  =  88**24'  11'. 
and  the  side  AB^TX  in. ;  to  find  AC,  B  C, 
and  the  angle  C. 

Solution. — Since  the  sum  of  all  the  angles 
of  any  triangle  =  2  right  angles,  or  180"*.  we 
can  find  the  angle  C  by  adding  the  two  known 
angles,  and  subtracting  their  sum  from  IdO"*. 

88"  24'  11'  +  46*'  14'  =  134''  88'  11'. 
180**  -  134'  38'  11'  =  45**  21'  49*  =  C. 

From  the  vertex  B,  draw  B  D  perpendicular  to  A  C.  The  triangle 
^  -^  Cis  now  divided  into  two  right-angled  triangles,  A  D  Ba,tid  B  DC, 

In  the  right-angled  triangle  A  D  B,  the  angle  A,  the  right  angle  D, 
and  the  hypotenuse  A  B  are  known ;  to  find  B  D  and  A  D.  Use  rule  2. 
Side  opposite  or  BD  =  2\X  sin  46''  14'  =  21  X  .72216  =  15.17  in.,  nearly. 

Use  rule  4.  Side  adjacent,  or  y|  Z?  =  21  X  cos  46"  14'  =  21  X  .69172, 
ox  A  D  — 14.53  in.,  nearly. 

In  the  right-angled  triangle  B  DC^  the  angle  C  and  the  side  opposite^ 
or  B  D,  are  known ;  to  find  B  C  and  D  C. 

TT  1        «.         TT         .  r>  y^  B  D  15.17 

Use    rule    9.     Hypotenuse,    or    ^  C  =  ^^^  450  ^^  ^g.  =  -^^ngg  = 

81.32  in.,  nearly. 

Use  rule  4.  CD,  or  side  adjacent  =  21.32  X  cos  45"  21'  49'  =  21.82  X 
.70261  =  1498  in. 

Since  A  D-tr  DC^AC.yf^  have  1453  + 1498  =  29.51  in.  ^AC. 

/^C  =  29.51in. 
Ans.     J  ^C  =  21.82  in. 

(  Angle  C  =  45"  21' 49*. 

If,  in  the  above  example,  the  angle  C  had  been  given 
instead  of  the  angle  A^  the  dividing  line  should  have  been 
drawn  from  the  angle  A  to  the  side  B  C,  as  in  the  following 
example : 

Example. — In  the  triangle  ABC,  Fig.  77,  given,  A  B  =  18',  angle 
B  B  =  eO\  and  angle  C  =  38"  42' ;  to  find  the  other 

three  parts. 

*  h^^  ?\^  Solution. — In  the  triangle  A  B  C,  we  have 

angle  A  =  180^  -  (60"  +  38'^  42')  =  81"  18'. 

From  the  vertex  A,  draw  the  line  A  D  per- 

j^l^ 2 N^    pendicular  to  B  C,   thus  forming  the  right- 

Pig.  77.  angled   triangle   A  B  D,  in  which   two  parts 

(the  side  A  B  and  angle  B)  are  known  besides  the  right  angle. 

Begin  with  the  right-angled  triangle  A  B  D.  To  find  B  D,  use  rule 
4.*  B  D  —  \^  in.  X  cos  60"  =  18  X  .5  =  9  in.  To  find  A  Z>,  use  rule  Z* 
^  i?  =  18  in.  X  sin  60°  =  18  X  .86603  =  15.59  in. 

In  the  right-angled  triangle  ADC,  AD  and  the  angle  C  are  known. 
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To  find  A  C,  use  rule  9.    AC  = 


A  D       15.59 


=  24.98  in. 


sin  C      .62524 

To  obtain />  C  use  rule  4.    Z>(7=  ^  Cx  cos  (7=24.93x  .78043  = 
19.46  in. 

Since  irC=-ffZ>H-Z?C,  .ff  C=  9  + 19.46  =  28.46  in. 

/  Angle  y^=8ri8'. 

Ans.    \a  C=  24.98  in. 
(^C=  28.46  in. 

Example.— In  Fig.  1^,  A  B  =  19  in.,  AC  — 
23  in.,  and  the  included  angle  A  =  86"  8'  29"; 
to  find  the  other  two  angles  and  the  side 
BC 

Solution.— From  the  vertex  B^  draw  B  D 
Fig.  78.  perpendicular  to  A  C  forming  the  two  right- 

angled  triangles  A  D  B  and  B  D  C.     In  the  right-angled  triangle 
A  D B^A  B\& known  and  also  the  angle  A,    Hence,  by  rule  2, 
BDz^  19  X  sin  86"^  3'  29'  =  19  X  .58861  =  11.18  in.,  nearly. 
By  rule  4,  ^  Z>  =  19  X  cos  86**  8'  29'  =  19  X  .80842  =  15.86  in. 
AC- AD  =23  - 15.36  =  7.64  inches  =  D  C, 
In  the  right-angled  triangle  B  DC^  the  two  sides  B  D  and  D  C,  about 

the  right  angle,  are  known  ;  hence  (rule  5),  tan  C  = 


1.46335,  and  angle  C=  55^  89'  10'. 

Applying  rule  9,  BC^^^^^^. 


DC       7.64 


11.18 


=  18.54  in. 


Angle  ^  =  180'* -(36*  8'  29' +  55 
SS**  17'  21'. 


.82564 
39'  10")  =  180°  -  9r  42'  39*  = 
/  Angle  C  =  55''  39'  10'. 
Ans.  ]  Angle  i?  =  88''  17'  21'. 
(  Side  i?C=  13.54  in. 
The  following  example  presents  a  case  where  the  perpen- 
dicular must  be  drawn  outside  of  the  triangle  in  order  to 
form  a  right-angled  triangle   two  of  whose  parts  are  known, 
besides  the  right  angle : 

Example. — Given,  the  triangle  ABC, 
Fig.  79,  in  which  ^  ^  =  88  ft.  6  in.,  i?  C  = 
67  ft.,  and  angle  ^  =  85"  0'  38',  to  find  the 
other  parts. 

Solution. — From  the  vertex  B,  draw  the 
line  B  D  perpendicular  to  the  base  A  C  ex- 
tended, forming  the  right-angled  triangles 
^Z> iff  and  CD  B, 

In  the  right-angled  triangle  A  D  B,  A  B 
and  angle  A  are  known,  to  find  A  D  and  B  D. 

By  rule  4,^i9  =  88  ft  6  in.  X  cos  SS''  0'  38' =  88.5  ft  X  .81905  = 
72.49  ft 


-..4D 


Fig.  79. 
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By  rule  2,  Iil)-m  ft.  6  in.  X  sin  35*'  0'  38' =  88.5  X  .57378  = 
50.78  ft. 

Now,  in  the  right-angled  triangle  C  D  B,  If  C  sind  B  D  are  known, 
to  find  angle  B  CZ?  and. side  CD. 

By  rule  1,  sin  B CD  =  -^  =^^  =  .89088;  whence,  angle  B CD 
=  62"  59' 4.3'. 

By  rule  4,  CZ>  =  57  X  cos  62^  59'  4.3'  =  57  X  .45423  =  25.89  ft. 

We  now  have  the  data  necessary  for  obtaining  the  required  parts  of 
the  triangle  A  B C.  Since  the  angle  BCD  =  62''  59'  43'.  the  adjacent 
angle  ACB  =  180'^  -  62^  59'  4.3'  =  117'  0'  55.7'.  Also,  angle  A  BC  = 
180° -(a5''  0'  38" +  117*'  0'  55.7')  =  180' -152"  1'  33.7' =  27''  58'  26.3". 
Since  A  D  =  '72.49  ft.  and  CZ>  =  25.89  ft,  ^  C=  72.49- 25.89  =  46.6 
ft.  =  46  ft,  7A  in.,  nearly.  /  Angle  C=  117"  0'  55.7*. 

Ans.  ]  Angle  B  =27"  58'  26.3'. 
(  Side  ^  C=  46  ft.  7 A  in. 

Case  II. —  IV/ien  the  three  sides  are  given^  to  find  the 
angles. 

This  case  is  solved  by  drawing  a  line 

from  the  vertex  of  the  angle  opposite 
the  longest  side,  perpendicular  to  that 
side,  as  .5  Z>  in  Fig.  80.  The  parts  m 
and ;/  of  the  side  A  Care  then  determined 
I'lG-  ^-  from  the  following  proportion : 

;//  -f  n  (or  A  C)  :  a  -\-  b  =  a  ^  b  :  in  —  n. 
This  gives  the  value  of  ;//  —  n.  The  value  of  ;;/  +  «  =/J  C* 
is  already  known,  and  from  the  two,  m  and  n  may  be  deter* 
mined  by  the  principles  of  arithmetic,  as  explained  below. 
Having  m  and  ;/,  therefore,  the  right-angled  triangles 
A  HI)  and  C B D  may  be  solved. 

Having  found  the  value  of  ;//  —  //  and  knowing  the  value 
of  ;;/  -J-  /^  the  values  of  ;;/  and  ;/  may  be  determined  as  fol- 
lows: It  is  a  principle  of  arithmetic  that  if  the  sum  of  two 
numbers  and  their  difference  be  given,  the  greater  of  the 
two  numbers  is  equal  to  one -half  their  sum  plus  their  differ- 
ence^ and  the  less  of  two  numbers  is  equal  to  one -half  their 
sum  minus  their  difference.  For  example,  suppose  that  the 
sum  of  two  numbers  is  22  and  their  difference  is  8.  Then, 
the  greater  number  is  (22  +  8)  -^  2  =  15;  and  the  less  num- 
ber is  (22  —  8)  -h  2  =  7.     Therefore,  letting  ;//  be  the  greater 
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number  and  //  the  less  number,  ;;/  -\-  n  represents  their  sum 
and  m  —  n  their  difference ;  whence, 

_  _  {m  +  n)  +  (;;/  -  ;/) 

(w  +  n)-  {m  -  n) 

71  —  ; « . 

2 
Example. — Given,  a  triangle  whose  sides  are  17  ft.  8  in.,  ^1  ft.,  and 
82  ft.  long.     Find  the  angles. 

Solution. —    »i  -f-  «,  the  longest  side,  =  32  ft. 

a-\-  b,  the  sum  of  the  two  shorter  sides,  =  17.25  -h  21  =  38.25  ft. 

a  —  b,  the  difference  of  the  two  shorter  sides,  =  8.75  ft.     Hence, 

82  :  38.25  =  3.75  :  m  —  n,  or  m  — n  = ^ =  4.48  ft. 


Then.        m  =  (m  +  n)  +  jrn  -  n):  ^  32  4-4.48  ^  ^^  ^  ^^  . 

and  „  =  ("'  +  "^-('»-")  =  ?t:^  =  ro.79t%. 

Now,  referring  to  the  last  figure,  we  have,  in  the  triangle  ABB 

side  a  =  21  and  /«  =  18.24  ft;  whence,   by  rule  3,  cos  y4  =  i^  = 

.86857,  or  ^  =  29"  42'  25.7'. 

In  triangle  C  B  D,  side  ^  =  17.25  and  h  —  13.76  ft ;  whence,  by  rule 

3,  cos  C=  J?^  =  .79768,  or  C=  87**  5'  26.7'. 
li.2o 

Angle  ABC^  180"  -  (29"  42'  25.7'  +  87"  5'  26.7')  =  118"  12'  7.6'. 

t  Angle    ^=29"  42' 26.7'. 

Ans.  ]  Angle    B  =  113"  12'  7.6\ 

(  Angle    C  =  37"5'  26.7'. 

BXAMPLES  FOR  PRACTICE. 

1.  Given,  an  oblique  triangle  A  B  C,  in  which  side  A  B  =  21  feet, 
angle  A  =  22"  10'  16',  and  angle  B  =  78"  24'  24'.     Find  the  other  parts. 

(Angle  C=  79"  25' 20'. 
Ans.  ■]  A  C=  20. 93  ft 
\  BCr=  8.06  ft 

2.  Given,  a  triangle  A  B  CAn  which  A  B  =  S2  inches,  angle  B  = 
54"  16'.  and  angle  C=  58"  18'  9'.     Find  the  other  parts. 

t  Angle  A  =  67"  25'  51'. 
Ans.  ]  v^  C=  30.53  in. 
(i7C  =  34.73  in. 

3.  In  a  triangle  A  BC,  A  B=20  feet  6  inches,  7?  C=  16  feet,  and 
angle  B  =  46"  40'  42'.     Find  the  values  of  the  other  parts. 

(  Angle  A  =  50"  42'  52'. 
Ans.  ■]  Angle  C  =  82"  36'  26'. 
'^C=  15.04  ft 
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4.  In  the  triangle  A  BQ  a'c=100  feet.  BC=eO  feet,  and  angle 
A  =  20^     Solve  the  triangle.  f  Angle  .ff  =  34**  45'  7.5*. 

Ans,  ]  Angle   C  =  126''  14'  52.5". 
\AB  =  143.26  ft. 

5.  In   a  triangle  A  B  C^   A  B  =  9S  inches,  B  C=  140  inches,  and 
A  C  =  210  inches.    Compute  the  angles  A,  B  and  C. 

A=U°2'  52.5'. 
Ans  •{B=  122'*  52'  40.2'. 
C=  28"  4' 27.3'. 


MENSURATION. 

762.     Mensuration  is  that  part  of  Geometry  which 
treats  of  the  measurement  of  lines,  surfaces  and  solids. 


MENSURATION  OF  PLANE  SURFACES. 

763.  The  area  of  a  surface  is  expressed  by  the  number 
of  unit  squares  it  will  contain. 

764.  A  unit  square  is  the  square  having  the  unit  for 
its  side.  For  example,  if  the  unit  is  1  inch,  the  unit  square 
is  the  square  whose  sides  measure  1  inch  in  length,  and  the 
area  would  be  expressed  by  the  number  of  square  inches 
that  the  surface  contains.  If  the  unit  were  1  foot,  the 
unit  square  would  measure  1  foot  on  each  side,  and  the 
area  would  be  the  number  of  square  feet  that  the  sur- 
face contains,  etc. 

765.  The  square  that  measures  1  inch  on  a  side  is  called 
a  square  Incti,  and  the  one  that  measures  1  foot  on  a  side 
is  called  a  square  foot.  Square  inch  and  square  foot  are 
abbreviated  to  sq.  in.  and  sq.  ft. ,  or  to  d  '^  and  n '. 


THB  TRIANGLB. 

766*     Rule. — T/ie  ana  of  any  triangle  equals  one-fialf 
the  product  of  the  base  and  the  altitude. 

Example. — What  is  the  area  of  a  triangle  whose  base  is  18  feet,  and 
altitude  7  feet  9  inches  ? 

Solution. — 9  inches  =  ^^  of  a  foot  =  i  of  a  foot.    18  X  7f  =  13^,  and 
\  of  139i  =  69^  square  feet.     Ans. 
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THB  QUADRILrATBRAL. 

767«  A  parallelofirram  is  a  quadrilateral  whose  oppo- 
site sides  are  parallel. 

768.  There  are  four  kinds  of  parallelograms:  the 
square,  the  rectangle,  the  rlioinbus  and  the  rlioiii- 
bold. 


769.    A  rectanffle.  Fig.  81,  is  a  paral- 
lelogram  whose  angles  are  all  right  angles. 


Fig.  81. 


770«     A  square.  Fig.  82,  is  a  rectangle, 
all  of  whose  sides  are  equal. 


PIO.  88. 


Fig.  88. 

771.  A  rlioinbold.  Fig.  83,  is 
a  parallelogram  whose  opposite  sides 
only  are  equal,  and  whose  angles  are 
not  right  angles. 


772*  A  rbombus.  Fig.  84,  is 
a  parallelogram  having  equal  sides, 
and  whose  angles  are  not  right 
angles. 


\ 


Pig.  8&. 


Fig.  84. 

773.  A  trapezoid.  Fig.  85, 
is  a  quadrilateral  which  has  only 
two  of  its  sides  parallel. 


774.  A  trapezium.  Fig. 
86,  is  a  quadrilateral  having  no 
two  sides  parallel. 


Fig.  86. 


775.     The  altitude  of  a  parallelogram,  or  of  a  trapezoid, 
is  the  perpendicular  distance  between  the  parallel  sides. 
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776.  A  diagonal  is  a  straight  line  drawn  from  the 
vertex  of  any  angle  of  a  quadrilateral  to  the  vertex  of  the 
angle  opposite ;  a  diagonal  divides  the  quadrilateral  into  two 
triangles. 

A  diagonal  divides  a  parallelogram  into  two  equal  and 
similar  triangles. 

777.  To  find  the  area  of  a  parallelogram : 

Rule. — The  area  of  any  parallelogram  equals  the  product 
of  the  base  and  the  altitude. 

Example. — ^What  is  the  area  of  a  parallelogram  whose  base  is  13  feet 
and  altitude  7^  feet  ? 

Solution. — Area  =  12  x  7^  =  90  square  feet    Ans. 

778.  To  find  the  area  of  a  trapezoid: 

Rule. — The  area  of  a  trapezoid  equals  one-half  t lie  sum  of 
the  parallel  sides  multiplied  by  the  altitude. 

Example. — What  is  the  area  of  a  trapezoid  whose  parallel  sides  are 
9  feet  and  15  feet,  and  whose  altitude  is  6  feet  7  inches  ? 

9h-15 
Solution. — 6  feet    7    inches  =  6^  feet.      — s— -  =  12.    Area  =  13 

X  6f^  =  79  square  feet.     Ans. 

779.  To  find  the  area  of  an  irregular  figure  bounded  by 
straight  lines: 

Rule. — Divide  the  figure  into  triangles^  and  find  the  area 
of  each  triangle  separately.  The  sum  of  the  areas  of  all  the 
triangles  will  be  the  area  of  the  figure. 

Example. — The  diagonal  of  a  trapezium  is  15  feet.  The  altitudes 
drawn  from  the  vertexes  of  the  two  triangles  to  this  diagonal  as  a  base 
are  6  feet  8  inches  and  4  feet  9  inches,  respectively.  What  is  the  area 
of  the  trapezium  ? 

15  ^  61- 
Solution. — 8  inches  =  ^'V  of  a  foot  =  f  of  a   foot.      J—i  =  50 

square  feet  =  area  of  one  triangle. 

15  X  4J 
9  inches  =  ^  of  a  foot  =  f^  of  a  foot.     — — ^ — -  =  35.63  square  feet  = 

the  area  of  the  other  triangle. 

50  -f  35.63  =  85.68  square  feet  =  the  area  of  the  trapezium.     Ans. 
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THS    CIRCLB. 

780.  To  find  the  circumference  or  diameter  of  a  circle: 

Rule. — The  circumference  of  a  circle  equals  the  diameter 
multiplied  by  S.  I4I6. 

Rule. — The  diameter  of  a  circle  equals  the  circumference 
divided  by  3,  U16. 

Example. — ^What  is  the  circumference  of  a  circle  whose  diameter  is 
15  inches  ? 

Solution. — 15  x  3.1416  =  47.12  inches^  circumference.     Ans. 

Example. — What  is  the  diameter  of  a  circle  whose  circumference  is 
65.978  inches  ? 

Solution. — 65.  ©73  ■♦-  3.1416  =  21  inches  diameter.    Ans. 

781.  To  find  the  length  of  an  arc  of  a  circle: 

Rule. — The  length  of  an  arc  of  a  circle  equals  tfie  circum- 
ference of  the  circle  of  which  the  arc  is  a  part,  multiplied  by 
the  number  of  degrees  in  the  arc,  and  divided  by  360. 

Example. — ^What  is  the  length  of  an  arc  of  24°,  the  radius  of  the  arc 
being  18  inches  ? 

Solution. — 18  x  2  =  86  inches  =  the  diameter  of  the  circle.     36  X 

8.1416  =  113.1  inches,  the  circumference  of  the  circle  of  which  the  arc 

is  a  part. 

24 
113.1  X  oEK  =  7.54  inches,  the  length  of  the  arc     Ana. 

782*     To  find  the  area  of  a  circle: 

Rule. — Square  the  diameter,  and  multiply  by  .  785 J^,, 

Example. — ^What  is  the  area  of  a  circle  whose  diameter  is  15  inches? 
Solution.— 15'  =  225.    225  x  .7854  =  176.73  eq.  in.    Ans. 

783«     Given,  the  area  of  a  circle  to  find  its  diameter: 

Rule. — Divide  the  area  by  .  7SoJ!f.  and  extract  the  square 
root  of  the  quotient. 

Example. — The  area  of  a  circle  =  17,671.5  square  inches.  What  is 
its  diameter  in  feet  ? 
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Solution.—  y — '^^^l    =  150  inches. 


.7854 

150 

rr^  =  1^  feet,  the  diameter.     Ads. 


784*    To  find  the  area  of  a  sector: 

Rule. — Divide  the  number  of  degrees  in  the  arc  of  a  sector 
by  360.  Multiply  the  result  by  the  area  of  the  circle  of  which 
the  sector  is  a  part. 

Example. — ^The  number  of  degrees  in  the  angle  formed  by  drawing 
radii  from  the  center  of  a  circle  to  the  extremities  of  the  arc  of  the 
circle  is  75**.  The  diameter  of  the  circle  is  12  inches;  what  is  the  area 
of  the  sector  ? 

fVBP  ftp 

Solution.—    _  ^  ^.    134  x  .7854  =  118.1  square  inches. 
-g2  X  113.1  =  28.56  square  inches,  the  area.    Ans. 

785.    To  find  the  area  of  a  segment  of  a  circle: 

Rule. — Draw  radii  from  the  center  of  the  circle  to  the  ex- 
tremities  of  the  arc  of  the  segment ;  find  the  area  of  the 
sector  thus  formed^  subtract  from  this  the  area  of  the  triangle 

formed  by  the  radii  and  the  c/iord  of  the 
arc  of  the  segment^  and  the  result  is  tlie 
area  of  the  segment. 


In  problems  requiring  the  area  of  the 
segment,  the  chord  A  B^  Fig.  87,  may  be 
given,  or  the  height  of  the  segment  C  D^ 
or  the  angle  V\  if  any  one  of  these  three 
Fig.  87.  be  given,  and  the  radius  of  the  circle  is 

known,  the  area  can  be  found. 

Also,  if  any  two  are  given,  the  radius  can  be  found. 

Example. — If  the  diameter  of  the  circle  is  10  inches,  and  the  chord 
of  the  segment  is  7  inches,  what  is  the  area  of  the  segment  ? 

Solution. — In  the  above  figure,  suppose  that  the  chord  AB  =  'J 
inches,  and  the  diameter  =  10  inches;  draw  O  A,  OB,  and  a  radius  per- 
pendicular to  the  chord,  thus  dividing  A  B  into  two  equal  parts  (see 
Art  733).     The  triangle  A  O  B  is  now  divided  into  two  equal  right- 
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angled  triangles,  A  CO  and  OC B,\n  which  the  hypotenuse r=  radius, 

10  7 

or -=-  =  5,  and  one  side,  ^  C=  -5  C  =  -5-,  or  8J. 

Sin  COB- -^  =  -^  =  .1(iWi^,  and  angle  C^ i?  =  44* 26',  nearly. 

Angle   AOB:=AA''   26' X  3  =  88**  52'.      CO=OB  XcosC0B  =  6X 
.71407  =  8.67'. 

Area  of  sector  =  10«  x  .7854  X-g^  =  1^-89  sq.  in.,  nearly. 

7  >^  3  57 
Area  of  triangle  = ^ —  =  12.5  sq.  in.,  nearly. 

19.89  —  12.5  =  6.89  sq.  in.,  the  area  of  the  seg^ment.    Ans. 

Example. — Given,  the  chord  of  the  arc  of  a  segment  =  7  inches,  and 
the  height  of  the  segment  =  1.43  inches,  to  find  the  radius. 

Solution. — Suppose  that  in  Fig.  88,ACB£  ^ 

is  a  circle  struck  with  the  required  radius,  that 
the  chord  A  B  =  l  inches,  and  that  the  height 
CD  of  the  segment  =  1.43  inches.  Join  C  with 
A  and  B,  and  the  right-angled  triangle  A  Z>C=z 
BDC 

CD        1  48 
Tan  C^2?  =  ^  =  4^  =  .40857. 

B  D       8.5 

Angle  CBD  =  2r  13J',  nearly. 

Since  CBD  or  its  equal  CBA  issLn  inscribed  angle  (see  Art.  729), 
it  is  measured  by  one-half  the  intercepted  arc  A  C;  hence,  the  number 
of  degrees  in  arc  ^  C=  22*  18^'  X  2  =  44"  27\  or  the  number  of  degrees 
in  the  angle  AOC 

In  the  right-angled  triangle  ADO, 

A0  =  "'!''  °PPf  if  =    .   ^,f ,  , .  =  -^  =  5  inches,  nearly     An& 
8in  AO  D         sin  AG  C        .70029 


786.  An  ellipse  is  a  plane  figure  bounded  by  a  curved 
line,  to  any  point  of  which  the  sum  of  the  distances  from 
two  fixed  points  within,  called  the  foci,  is  equal  to  the  sum 
of  the  distances  from  the  foci  to  any  other  point  on  the 
curve. 
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In  Fig.  89,  let  A  and  B  be  the  foci,  and  let  C  and  IJ 

be  any  two  points  on  the 
perimeter.  Then,  according 
\s  to  the  above  definition,  A  C  -\- 
CB=:AD+DB,  and  both 
these  sums  are  also  equal  to 
the  major  axis  F  £, 

787.  The  long  diameter  is  called  the  mi^or  axis;  the 
short  diameter,  the  minor  axis. 

788.  To  find  the  perimeter  of  an  ellipse:  There  is  no 
exact  method,  but  the  following  is  close  enough  for  most 
cases: 

Rule. — Multiply  the  major  axis  by  1.82,  and  the  minor 
axis  by  1.315.     The  sum  of  the  results  will  be  the  perimeter. 

Example. — What  is  the  perimeter  of  an  ellipse  whose  axes  are  10  and 
4  inches  ? 

Solution.—  10  x  182  =  18.2  inches.  4  x  1.315  =  5.26  inches.  18.3 
-t-  6.26  =  23.46  inches,  or  the  perimeter.     Ans. 

789«     To  find  the  exact  area  of  an  ellipse : 

Rule. —  The  area  of  an  ellipse  is  equal  to  the  product  of  its 
two  diameters  multiplied  by  .  1851^. 

Example. — ^What  is  the  area  of  an  ellipse  whose  diameters  are  10 
and  6  inches  ? 

Solution. —    10  x  6  x  .7854  =  47.12  square  inches,  area.     Ans. 


BXAMPL.E8    FOR    PRACTICB. 

1.  What  is  the  area  in  square  feet  of  a  rhombus  whose  base  is  84 
inches,  and  whose  altitude  is  3  feet  ?  Ans.  21  sq.  ft. 

2.  One  side  of  a  room  is  16  feet  long.  If  the  floor  contains  240 
square  feet,  what  is  the  length  of  the  other  side  ?  Ans.  15  ft. 

8.  How  many  square  feet  in  a  board  12  feet  long,  18  inches  wide  at 
one  end  and  12  inches  wide  at  the  other  end  ?  Ans.  15  sq.  ft. 

4.  How  many  square  yards  of  plastering  will  be  required  for  the 
ceiling  and  walls  of  a  room  10  x  15  feet,  and  9  feet  high  ?  The  room 
contains  one  door  3^  X  7  feet,  three  windows  3i  X  6  feet,  and  a  base- 
board 8  inches  high.  Ans.  53.5  sq.  yd. 
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6.  What  is  the  area  of  a  triangle  whose  base  is  10  feet  6  inches  long, 
and  whose  altitude  is  18  feet  ?  Ans.  94.5  sq.  ft. 

6.  The  area  of  a  triangle  is  16  square  inches.  If  the  altitude  is 
4  inches,  what  does  the  base  measure  ?  Ans.  8  in. 

7.  The  upper  side  of  a  trapezium  is  16  inches  long,  and  the  lower 
side  14  inches.  If  the  figure  be  divided  into  two  triangles  by  a 
diagonal  whose  altitudes,  drawn  from  their  vertexes  to  the  two  given 
sides  as  bases,  are  17  and  3  inches,  respectively,  what  is  the  area  of  the 
trapezium  ?  Ans.  157  sq.  in. 

8.  Find  the  area  of  a  circle  2  feet  3  inches  in  diameter. 

Ans.  3.976  sq.  ft. 

9.  A  carriage-wheel  was  observed  to  make  71|-  turns  while  going 
300  yards.     What  was  its  diameter  ?  Ans.  4  ft. ,  nearly. 

10.  Required,  the  diameter  of  a  circle  whose  area  is  2,004  square 
inches.  Ans.  50.51  in. 

11.  Required,  the  area  of  a  regular  pentagon  inscribed  in  a  circle 
whose  diameter  is  20  inches.  Ans.  237. 77  sq.  in. 

12.  The  number  of  degrees  in  the  angle  formed  by  drawing  radii 
from  the  center  of  a  circle  to  the  extremities  of  the  arc  of  the  circle  is 
84  degrees.  The  diameter  of  the  circle  is  17  inches;  what  is  the  area 
of  the  sector  ?  Ans.  52.96  sq.  in. 

13.  Given,  the  chord  of  the  arc  of  a  segment  =  24  inches,  and  the 
height  of  the  segment  =  6.5  inches,  to  find  (a)  the  diameter  of  the 
circle,  and  (d)  the  area  of  the  seg^ment.  *  ..g  i  (^)  28.654  in. 

'i(^)  109-87  sq.  in. 
14    (a)  What  is  the  perimeter  of  an  ellipse  whose  axes  are  15  and  9 
inches,  and  (d)  what  is  the  area  ?  *        j  (a)  39.14  in. 

'  (  Id)  106.03  sq.  in. 

790.  Rule. —  T/ie  area  of  any  plane  figure  may  be  found 
by  dividing  it  into  triangles^  quadrilaterals^  circles  or  parts 
of  circles^  and  ellipses,  finding  the  area  of  each  part  sepa- 
rately and  adding  them  together. 

Example. — What  is  the  area  of  a  flat  circular 
ring.  Fig.  90,  whose  outside  diameter  equals 
10  inches,  and  whose  inside  diameter  equals 
4  inches  ? 

The  area  ^  of  the  large  circle  =WX  .7854  = 
78.54  square  inches;  the  area  of  the  small  circle 
=  4«  X  .7854  =12.57  square  inches. 

78.54  —  12.57  =  65.97  square  inches,  or  the  area. 
Ans.  Fio.  90. 
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Example. — ^What  is  the  exact  area  in  square  inches  of  Fig.  91  ? 

Solution. — Divide  the  figure  into  rectangles,  triangles,  and  ports  of 
a  circle,  as  shown  by  the  dotted  lines,  then  the  total  area  equals  8-inch 
circle  —  4-inch  circle  —  segment  A  B  -\-  rectangle  AUG  F-\-  2  times  the 
triangle  CDE+%  times  the  triangle  ^57'+ 3  times  the  rectangle 
Z>^5^  + rectangle  HIKL-k-^  times  the  rectangle  LMNP-\-% 
times  the  triangle  ^Af  (7  A^. 

8«X.7854  =  60.27n'. 

4? X. 7854  =  12.67  d'. 


Pig.  91. 


The  chord  A  Br=%  inches,  and  the  radius  of  the  circle  =  4  inches; 

1  5 
hence,  the  sine  of  one-half  the  angle  at  center  =  -^  =  .375,  and  one-half 

the  angle  at  center  =  22"  1'  27".  or  angle  at  center  =  44"  2'  54"  =  44.05' 


Area  of  sector  =  50.27  x 


44.05 
360 


=  6.15n". 


The  altitude  of  the  triangle  =  4  x  cos  22"  1'  27"  =  3.71  inches. 
The  area  of  the  triangle  =  ^—^—  =  5.58  n  ". 

The  area  of  the  segment  =  6.15  —  5.56  =  0.59  n  '. 

The  area  of  the  rectangle  ABG F=  (15  -  8.71)  x  3  =  33.87n ". 
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In  the  triangle  C D E,  tan  C=  ^  =  .57148  =  -^  = -^;  hence. 

The  area  of  the  triangle  CDE-  '^!^>^  =  .22 n ".  nearly. 

.22  X  2  =  .44n "  =  twice  the  area  of  the  triangle  C  D  E,  Since  in 
the  triangle  R  S  T,  R  S  \s  perpendicular  to  C  -^  and  T  S  is  perpen- 
dicular  to  C  F,   the  angle   5  =  angle   C;    hence,    tan    5=  .57148  = 

R  T       R  T 

__.  _.  —      ;  therefore,  RT^  .57143  X  .5  =  .29  inch,  nearly. 

Area  RST=  .i^Ox^ ^ ^^ ^ „^  neariy. 

Twice  the  area  of  the  triangle  7?  5  7^=  .07  X  3  =  .14  d  ". 
Since  tan  C=  .57148,  C=:  29"  44'  42 ". 

In  the  rectangle  DESR,  D  R  -  C  T-iC  D -^  RT\    But  CT— 
5  5 


=  10.08  in. 


sin  29'  44'  42"  -  .49614 

CD  ^RT=  .875  +  .29=  1.16.     DR-  10.08  -  1.16  =  8.92.    8.92  -h 
2  =  4.46  c  "  =  the  area  otDESR, 

Twice  the  area  of  the  rectangle  DESR  =  4.46  X  2  =  8.92  n  ". 

The  area  of  the  rectangle  HIKL  =  14  X  li  =  21  n  ". 

The  area  of  the  rectangle L MNP  =  (^^^^^)  X8  =  lix8  =  4iD"; 

and4ix2  =  9n". 

The  area  of  the  triangle  MO  N=  (^^~^  X  3^  -4-  2  =  1.5  n  ". 

Twice  the  area  of  the  triangle  MO  N=\.^  inches  X  2  =  3  n  ". 
Then,   50.27  +  33.87  +  0.44  +  0.14  -h  8.92  +  21  -h  9  -h  3  =  126.64a". 
12.57  -h  0.59  =  13.16  d  '.     126.64  -  13.16  =  113.48  a '. 
Therefore,  the  area  of  the  figure  =  113.48  n  ".     Ans. 


THE    MENSURATION   OF   SOLIDS. 

791.  A  solid,  or  body,  has  three  dimensions:  length, 
breadth,  and  thickness..  The  sides  which  enclose  it  are  called 
the  faces,  and  their  intersections  are  called  eds^s* 

792*  The  entire  surface  of  a  solid  is  the  area  of  the 
whole  outside  of  the  solid,  including  the  ends. 

793.  The  convex  surface  of  a  solid  is  the  same  as  the 
entire  surface,  except  that  the  areas  of  the  ends  are  not 
included. 
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704»  The  volume  of  a  solid  is  expressed  by  the  num- 
ber of  times  it  will  contain  another  volume,  called  the  unit 
of  volume.  Instead  of  the  word  volume^  the  expression 
cubical  contents  is  frequently  used. 


THB  PRISM  AND  CTLINDBR. 


795.  A  prism  is  a  solid  whose  ends  are  equal  polygons 
and  parallel  to  each  other,  and  whose  sides  are  parallelo- 
gramsi 


796.     A  parallelopipedon.    Fig.  92,    is 
prism  whose  bases  (ends)  are  parallelograms. 


a 


Fig.  98. 


797.     A  cube.  Fig.  93,  is  a  parallelopipedon 
whose  faces  and  ends  are  squares. 


Pig.  9a. 


798.  The  cube,  whose  edges  are  equal  to  the  unit  of 
length,  is  taken  as  the  unit  of  volume  when  finding  the 
volume  of  a  solid. 

Thus,  if  the  unit  of  length  is  1  inch,  the  unit  of  volume  will 
be  the  cube  whose  edges  measure  1  inch,  or  1  cubic  inch ; 
and  the  number  of  cubic  inches  the  solid  contains  will  be  its 
volume.  If  the  unit  of  length  is  1  foot,  the  unit  of  volume 
will  be  one  cubic  foot ^  etc.  Cubic  inch,  cubic  foot,  and  cubic 
yard  are  abbreviated  to  cu.  in. ,  cu.  ft. ,  and  cu.  yd. ,  respec- 
tively. 

799..  Prisms  take  their  names  from  their  bases.  Thus,  a 
triangular  prism  is  one  whose  bases  are  triangles;  2i  pentag- 
onal prism  is  one  whose  bases  are  pentagons,  etc. 
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800.     A  cylinder.  Fig.  94,  is  a  round  body  of 
uniform  diameter   with  circles  for  its  ends. 


Fig.  94. 

801«  A  rifflit  prism,  or  rig^lit  cylinder,  is  one  whose 
center  line  (axis)  is  perpendicular  to  its  base.  In  this  sub- 
ject all  of  the  solids  will  be  considered  as  having  their 
center  lines  perpendicular  to  their  bases. 

802.  The  altitude  of  a  prism  or  cylinder  is  the  per- 
pendicular distance  between  its  two  ends. 

803.  To  find  the  area  of  the  convex  surface  of  any  right 
prism,  or  right  cylinder : 

Rule. — Multiply  the  perimeter  of  the  base  by  the  altitude. 

Example. — In  a  right  prism  whose  base  is  a  square,  one  side  of 
which  is  9  inches,  and  whose  altitude  is  16  inches,  what  is  its  convex 
area? 

Solution. —    9  x  4  =  36  =  the  perimeter  of  the  base. 

36  X  16  =  576  D ',  or  the  convex  area.     Ans. 

To  find  the  entire  area,  add  the  areas  of  the  two  ends  to 
the  convex  area : 

Example. — ^What  is  the  entire  area  of  the  parallelopipedon  men- 
tioned in  the  last  question  ? 

Solution. — The  area  of  one  end  =  9«  =  81  d  '.  81  x  2  =  162  d  ',  or 
the  area  of  both  ends.  576  +  162  =738  n ',  the  entire  area  of  the  par- 
allelopipedon.    Ans. 

Example. — ^What  is  the  entire  area  of  a  right  cylinder  whose  base  is 
16  inches  in  diameter,  and  whose  altitude  is  24  indies  ? 

Solution. —    16  X  3.1416  =  50.27  inches,  or  the  perimeter  (circum 
ference)  of  the  base.     50.27  X  24  =  1,206.48  n  ',  the  convex  area. 
16*  X  .7854  X  2  =  402.12  n ',  the  area  of  the  ends. 
1.206.48  +  402.12  =  1,608.6  n ',  the  entire  area.     Ans. 

804.  To  find  the  volume  of  a  right  prism,  or  cylinder: 

Rule. — lite  volume  of  any  right  prism,  or  cylinder  equals 
the  area  of  the  base  multiplied  by  the  altitude. 

If  the  given  prism  is  a  cube,  the  three  dimensions  are  all 
equal,  and  the  volume  equals  the  cube  of  one  of  the  edges. 
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Example. — What  is  the  volume  of  a  rectangular  prism  whose  base  is 
6x4  inches,  and  whose  altitude  is  12  inches  ? 

Solution. — The  base  of  a  rectangular  prism  is  a  rectangle.  Hence, 
6  X  4  =  24  D ',  the  area  of  the  base.  24  X  12  =  288  cubic  inches,  or  the 
volume.     Ans. 

Example. — ^What  is  the  volume  of  a  cube  whose  edge  is  9  inches  ? 
Solution. —    9«  =  9x9x9  =  729 cubic  inches,  the  volume.     Ans, 

Example. — ^What  is  the  volume  of  a  cylinder  whose  base  is  7  inches 
in  diameter,  and  whose  altitude  is  11  inches  ? 

Solution.—  7*  X  .7854  =  88.48  □ '.  the  area  of  the  base.  88.48  X 11 
=  428.28  cubic  inches,  the  volume.    Ans. 


THB  PTRAMID  ^ND  COI9B. 

805.  A  pyramid.  Fig.  95,  is  a  solid 
whose  base  is  a  polygon,  and  whose  sides  are 
triangles  uniting  at  a  common  point,  called 
the 


Pig.  96. 


806.  A  cone.  Fig.  96,  is  a  solid  whose  base 
is  a  circle,  and  whose  convex  surface  tapers 
uniformly  to  a  point  called  the  vertex. 


Fig.  96. 


807.  The  altitude  of  a  pyramid  or  cone  is  the  perpen- 
dicular distance  from  the  vertex  to  the  base. 

808.  The  slant  belsbt  of  a  pyramid  is  a  line  drawn 
from  the  vertex  perpendicular  to  one  of  the  sides  of  the 
base.  The  slant  height  of  a  cone  is  any  straight  line  drawn 
from  the  vertex  to  the  circumference  of  the  base. 

809«     To  find  the  area  of  a  right  pyramid  or  right  cone : 

Rule. —  The  convex  area  of  a  right  pyramid  or  cone  equals 
the  perimeter  of  the  base  ^nultiplied  by  one-half  the  slant 
height. 
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Example. — What  is  the  convex  area  of  a  pentagonal  pyramid,  if  one 
side  of  the  base  measures  6  inches,  and  the  slant  height  equals  14  inches  ? 

Solution. — The  base  of  a  pentagonal  pyramid  is  a  pentagon,  and, 

consequently,  it  has  five  sides. 

6  X  5  =  80  inches,  or  the  perimeter  of  the  base. 

14 
30  X  -ft-  =  210  D ',  or  the  convex  area.     Ans. 

Example. — ^What  is  the  entire  area  of  a  right  cone  whose  slant 
height  is  17  inches,  and  whose  base  is  8  inches  in  diameter  ? 

Solution.—    8  X  8.1416  =  25.1828  inches,  the  perimeter. 

17 
25.1828  X  -o-  =  218.63  d  ',  the  convex  area. 

8*  X  .7864  =   60.27  n ',  the  area  of  base. 


sum  =  268.90  d  '  =  the  entire  area.    Ans. 

810*     To  find  the  volume  of  a  right  pyramid  or  cone: 

Rule. — The  volume  of  a  right  pyramid  or  cone  equals  the 
area  of  the  base  multiplied  by  one-third  of  the  altitude. 

Example. — What  is  the  volume  of  a  triangular  pyramid,  one  edge  of 
whose  base  measures  6  inches,  and  whose  altitude 
is  8  inches? 

Solution. — Draw  the  base  as  shown  in  Fig.  97; 
it  will  be  an  equilateral  triangle,  all  of  whose 
sides  are  6  inches  long. 

Draw  a  perpendicular,  B  Z>,  from  the  vertex  to 
the  base ;  it  will  divide  the  base  into  two  equal 
parts,  and  will  be  the  altitude  of  the  triangle. 

In  the  right-angled  triangle  B  D  A^  the  hypot- 

•    A  r*        ft 
enuse  B  A^^  inches,  and  side  A  D  =  — g—  =  —  =  8  inches,  to  find  the 

other  side: 

BD=  |/6«  — 8»  =  6.2  inches,  nearly. 

Area  of  BA  C=       ^  '    =  15.6 n ',  the  area  of  the  base. 

8- 
15.6  X  -Q  =  41.6  cubic  inches,  the  volume.     Ans. 
o 

Example. — ^What  is  the  volume  of  a  cone  whose  altitude  is  18  inches 
and  whose  base  is  14  inches  in  diameter  ? 

Solution. —    W  x  .7854  =  153.94  d  ',  the  area  of  the  base. 

18 
158.94  X-Q-  =  928.64  cubic  inches,  the  volume.     Ans. 
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THB  FRUSTUM  OP  A  PYRAMID  OR  CONB. 


81 1.  If  a  pyramid  be  cut  by  a  plane  parallel 
to  the  base,  as  in  Fig.  98,  so  as  to  form  two 
parts,  the  lower  part  is  called  the  frustum  of 
the  pyramid. 


PIO.  9& 


812«  If  a  cone  be  cut  in  a  similar  manner, 
as  in  Fig.  "99,  the  lower  part  is  called  the  frustum 
of  the  cone. 


PXO.  90. 


813.  The  upper  end  of  the  frustum  of  a  pyramid  or 
cone  is  called  the  upper  base,  and  the  lower  end  the 
louver  base.  The  altitude  of  a  frustum  is  the  perpen- 
dicular distance  between  the  bases. 


814.  To  find  the  convex  area  of  a  frustum  of  a  right 
pyramid  or  right  cone : 

Rule. — The  convex  area  of  a  frustum  of  a  right  pyramid 
or  right  cone  equals  one-half  the  sum  of  the  perimeters  of  its 
bases  multiplied  by  the  slant  height  of  the  frustum. 

Example. — Given,  the  frustum  of  a  triangular  pyramid,  in  which  one 
side  of  the  lower  base  measures  10  inches,  one  side  of  the  upper  base 
measures  6  inches,  and  whose  slant  height  is  9  inches  ;  find  the  convex 
area. 

Solution. —     10  inches  x  3  =  80  inches,  the  perimeter  of  the  lower 

base. 

6  inches  X  3  =  18  inches,  the  perimeter  of  the  upper  base. 

30  +  18 

5—  =  24  inches,  or  one-half  the  sum  of  the  perimeters  of  the 

bases.     24  X  9  =  216  a  ".the  convex  area.     Ans. 
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Example. — If  the  diameters  of  the  two  bases  of  a  frustum  of  a  cone 
are  12  inches  and  8  inches,  respectively,  and  the  slant  height  is  12 
inches,  what  is  the  entire  area  of  the  frustum  ? 

-                        (12x3.1416) +  (8X3.1416)      ^„      „^  „     .    ^ 
Solution.—    ^^ — ^^  ^ X  12  =  376.99  a ',  the  area  of 

the  convex  surface. 

8«  X. 7854  =  50.27  d'. 
12»X.7854=113.1a'. 

113.1  +  60.27  =  163.87  n ',  the  area  of  the  two  ends. 

876.99  +  168.87  =  540.36  d  %  the  entire  area  of  the  frustum.     Ans. 

815.  To  find  the  volume  of  the  frustum  of  a  pyramid 
or  cone : 

Rule. — Add  the  areas  of  the  upper  base,  the  lower  base^ 
and  the  square  root  of  the  product  of  the  areas  of  the  two 
bases  ;  multiply  this  sum  by  one-third  of  the  altitude. 

Example. — ^Given,  a  frustum  of  a  hexagonal  pyramid,  each  edge  of 
the  lower  base  measuring  8  inches,  and  each  edge 
of  the  upper  base  5  inches,  and  whose  altitude  is 
14  inches ;  what  is  its  volume  ? 

Solution. — A  hexagonal  pyramid  is  one  whose 
base  is  a  hexagon,  or  six-sided  polygon.  Divide 
the  base  into  6  equal  triangles,  as  shown  in  Fig.  100. 
To  find  the  altitude  of  one  of  the  triangles,  pro- 
ceed as  follows: 

The  angle  at  the  vertex  of  one  of  the  triangles 

360 
will  be  —rr-  =  60**,  and  the  angle  on  each  side  of  the  perpendicular  to 

60 
the  base  (or  altitude)  will  be  —  =  W, 

The  altitude  =  -^^  =  ^  =  6.93  inches,  nearly. 

The  area  of  the  triangle  =  ^  ^^'^  =  27.72  n '. 

27.72  X  6  =  166.82  n '  =  the  area  of  the  hexagon,  or  the  area  of  the 
lower  base. 

In  a  similar  way,  find  the  area  of  the  upper  base  to  be  64.97  n'. 

Then,  applying  the  rule.  166.32  +  64.97  -f  j/166.32  x  64.97  =  166.32  + 

64.97  + 103.95  =8a5.24. 

14 
385.24  X  "o-  =  1,564.45  cubic  inches  =  the  volume.     Ans. 
o 
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EXAMPi-B. — What  is  the  volume  of  a  frustum  of  a  cone  whose  upper 
base  is  8  inches,  the  lower  base  is  12  inches  in  diameter,  and  whose  alti- 

tude  is  15  inches? 

SoLUTiON.—Theareaof  the  upper  base  —  8*  X -7854  =  50.37 □',   The 
area  of  the  lower  base  =  IB*  X  -7854  =  113.1  a '. 

The  square  root  of  their  product  =  f'jO.37  x  llil.l  =  76.4. 

50.27  +  118.1  +  75.4  =  338.77. 

288.77  X  ^-  =  1,198.85  cubic  inches,  the  volume.    Ans. 


THE  BPHERB. 

816.  A  sphere.  Fig.  101,  is  a  solid 
bounded  by  a  uniformly  curved  surface, 
every  point  of  which  is  equally  distant  from 
a  point  within,  called  the  center. 

Fig.  iQl, 
The  word  ball  is  commonly  used  instead  of  sphere. 

817..    To  find  the  area  of  the  surface  of  a  sphere: 
Rule. — The  area   of  the  surface  of  a  sphere  equals  the 
square  of  the  diameter  multiplied  by  3. 14.I6. 

Example.— What  is  the  area  of  the  surface  of  a  sphere  whose  diameter 
is  14  inches  7 
Solution.— 

14'x8.1416  =  14xl4x3.I416  =  ai5.75  □',  thearea.    Ans. 

818.  To  find  the  volume  of  a  sphere: 

Rule. —  The  volume  of  a  sphere  equals  tlte  cube  of  the 
diameter  multiplied  by  .5-36. 

Example — What  is  the  weight  of  a  lead  cannon  ball  12  inches  in 
diameter,  a  cubic  inch  of  lead  weighing  .41  pound  ? 

Solution.— 12  X  12  X  12  X  .5338  =  904.78  cubic  inches,  or  the  vol- 
ume of  the  ball.     U04. 78  X  -41  =  370.96  pounds.     Ans. 

819.  If  any  solid  be  sliced  in  pieces,  whose  adjacent 
surfaces  are  fiat,  any  piece  is  called  a  plane  seetton  of  the 
solid. 
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Plane  sections  are  divided  into  three  classes:  Longitu- 
dinal sections,  cross-sections,  and  right  sections.  A  long^l- 
tudlnal  section  is  any  plane  section  taken  lengthwise 
through  the  solid.  Any  other  plane  section  is  called  a 
crotm-section.  If  the  surface  exposed  by  taking  a  plane 
section  of  a  solid  is  perpendicular  to  the  center  line  of  the 
solid,  the  section  is  called  a  rig^lit  section.  The  surface 
exposed  by  any  longitudinal  section  of  a  cylinder  is  a  rec- 
tangle. The  surface  exposed  by  a  right  section  of  a  cube  is 
a  square ;  of  a  cylinder  or  cone,  a  circle ;  an  oblique  cross- 
section  of  a  cylinder  is  an  ellipse.  The  lower  half  of  a  right 
section  of  a  cone  or  pyramid  is  called  a  frustum  of  the  cone 
or  pyramid. 


THE  CYLINDRICAL  RING. 

820.  To  find  the  convex  area  of  a 
cylindrical  ring  : 

A  cylindrical  rins  is  a  cylinder  bent 
to  a  circle.  The  altitude  of  the  cylinder 
before  bending  is  the  same  as  the  length 
of  the  dotted  center  line  D,  Fig.  102. 


Fig   102. 


821.  The  base  will  correspond  to  a  cross-section  on 
the  line  A  B  drawn  from  the  center  O.  Hence,  to  find 
the  convex  area,  multiply  the  circumference  of  an  imagi- 
nary cross-section  on  the  line  A  B  by  the  length  of  the  cen- 
ter line  D. 

Example. — If  the  outside  diameter  of  the  ring  is  12  inches,  and  the 
inside  diameter  is  8  inches,  what  is  its  convex  area  ? 

Solution. — The  diameter  of  the  center  circle  equals  one-half  the  sum 

12  -f  8 
of  the  inside  and  outside  diameters  =  -^^ —  =  10,  and  10  X  3.1416  = 

2 

81.416  inches,  the  length  of  the  center  line. 

The  radius  of  the  inner  circle  is  4  inches,  of  the  outside  circle  6 
inches;  therefore,  the  diameter  of  the  cross-section  on  the  line  A  B  is2 
inches.  Then,  2  x  8. 1416  =  6.2832 inches,  and  6. '}s:j2  x  31 .416  =  197.4  n  ', 
or  the  convex  area.    Ans, 


58  GEOMETRY  AND  TRIGONOMETRY.  §  4 

822«     To  find  the  volume  of  a  cylindrical  ring  : 

The  volume  will  be  the  same  as  that 
of  a  cylinder  whose  altitude  equals  the 
length  of  the  dotted  center  line  Z>,  Fig, 
103^  and  whose  base  is  the  same  as  a 
cross-section  of  the  ring  on  the  line  A  B^ 
drawn  from  the  center  O.  Hence  ^  to  find 
fJ^Tiot.  ^^^  volume  of  a  cylindrical  ring^  multiply 

the  area  of  an  imaginary  cross-section  on  a  line  A  B^  by  the 
length  of  the  center  line  D, 

Example. — What  Is  the  volume  of  a  cylindrical  ring  whose  outside 
diameter  is  12  inches,  and  whose  inside  diameter  is  8  inches  ? 

Solution. — The  diameter  of  the  center  circle  equals  one-half  the  sum 

12  -+-  8 
of  the  inside  and  outside  diameters  =  — ^ —  =  10. 

« 

10  X  3.1416  =.31.416  inches,  the  length  of  the  center  line. 

The  radius  of  the  outside  circle  =  6  inches,  of  the  inside  circle  = 
4  inches;  therefore,  the  diameter  of  the  cross-section  on  the  line  A  B 
=  2  inches. 

Then,  2*  X  .7854  =  3.1416  d  ',  the  area  of  the  imaginary  cross-section. 

And  3.1416  X  31.416  =  98.7  cubic  inches,  the  volume.     Ans, 


EXAMPLBS  FOR  PRACTICE. 

1.  Find  the  weight  of  an  iron  bar  16  feet  long  and  2  inches  in  diam- 
eter, the  weight  of  iron  being  taken  at  .28  pound  per  cubic  inch. 

Ans.  168.891b. 

2.  What  is  the  area  of  the  entire  surface  of  a  hexagonal  prism  12 
inches  long,  each  edge  of  the  base  being  1  inch  long  ? 

Ans.  77.196  sq.  in. 

8.     What  is  the  volume  of  a  triangular  pyramid,  one  edge  of  whose 

base  measures  3  inches,  and  whose  altitude  is  4  inches  ?  Ans.  5.2  cu.  in. 

4.  Find  the  volume  of  a  cone  whose  altitude  is  12  inches  and  the 
circumference  of  whose  ba.se  is  31.416  inches.  Ans.  314.16  cu.  in. 

5.  A  round  tank  is  8  feet  in  diameter  at  the  top  (inside)  and  10  feet 
at  the  bottom.  If  the  tank  is  12  feet  deep,  how  many  gallons  will  it 
hold,  there  being  231  cubic  inches  in  a  gallon  ?        Ans.  5,734.2  gallons. 

6.  Required,  the  area  of  the  convex  surface  of  the  frustum  of  a 
square  pyramid  whose  altitude  is  16  inches,  one  side  of  the  lower  base 
being  28  inches  long,  and  of  the  upper  base  10  inches. 

Ans.  1,395.18  sq.  in. 

7.  What  is  the  volume  of  a  sphere  30  inches  in  diameter  ? 

Ans.  14,187.2  cu.  ia 
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8.  How  many  square  inches  in  the  surface  of  the  sphere  of  exam- 
ple 7  ?  Ans.  2,827.44  sq.  in. 

9.  Required,  the  area  of  the  convex  surface  of  a  circular  ring,  the 
outside  diameter  of  the  ring  being  10  inches  and  the  inside  diameter 
7^  inches.  Ans.  107.95  sq.  in. 

10.  Find  the  cubical  contents  of  the  ring  in  the  last  example. 

Ans.  33. 734  cu.  in. 

11.  The  volume  of  a  sphere  is  006.132  cubic  inches;  required,  the 
area  of  the  convex  surface  of  a  cone  whose  slant  height  is  10  inches  and 
the  diameter  of  whose  base  is  the  same  as  the  diameter  of  the  sphere. 

Ans.  164.934  sq.  in. 

12.  What  is  the  volume  of  the  frustum  of  example  6  ? 

Ans.  6,208  cu.  in. 


PROJECTIONS. 

823«     If  perpendiculars  be  drawn  from  the  extremities  of  a 

line,  as  A  B,  Fig.  104  or  Fig.  105, 
to  another  line,  as  If  Ky  as  shown 
in  the  figures,  that  portion  of  IfIC 

included  between  the  foot  of  each 

I 

I  perpendicular  is  called  the  pro- 

i  Jection    oi  A   B    upon   H  K, 

£  'J^  Thus,  C  D  is  the  projection  of 
Fig.  104.  A  B  upon  H  K,  the  point  C  is 

the  projection  of  the  point  A  upon  H  AT",  and  the  point  D 

is  the  projection  of  the  point  B  upon  H  K, 

The  projection  of  any  point  of  A  B^  as  -£,  can  be  found 
by  drawing  a  perpendicular  from  £  to  H  K^  and  the  point 
where  this  perpendicular  intersects  H  K\%  its  projection  ; 
in  this  case  the  point  F\s  the  projection  of  the  point  £  upon 
HK. 


It  makes  no  difference 
whether  the  line  is  straight 
or  curved,  the  method  of 
finding  the  projection  is 
exactly  the  same. 


F 

Fig.  105. 
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From  this  it  is  seen  that  the  projection  of  the  hypotenuse 

of  a  right-angled  triangle  upon  the  base, 

2iS  A  D  (see  Fig.  106),  is  the  cosine  of 

the  angle  which  the  hypotenuse  makes 

with  the  base,  and  the  projection  of  the 

hypotenuse  upon  the   side  opposite,  or 

B  Z>,  is  the  sine  of  the  angle  which  the 

hypotenuse  makes  with  the  base. 
Pig.  106. 

In  a  similar  way,  a  surface  is  projected  upon  a  flat  sur- 
face. 

Thus,  it  is  desired  to  project  the  irregular  surface  a  b  d  c^ 
Fig.    107,    upon    the   flat 
surface  A  B  D  C.     Draw 
the  lines  a  a\  b  b'  perpen- 
dicular to  the  flat  surface  ; 
join  the  points  a!  and  V 
where  these  perpendiculars 
intersect  the   flat   surface 
A  B  D  Chy  2l  straight  line 
a*  b\  and  a'  b'  is  the  pro-  fig.  lor. 
jection  oi  a  b  upon  A  B  D  C,     The  projection  of  the  surface 
ab  d  c  upon  the  plane  A  B  D  Cis,  in  this  case,  the  quad- 
rilateral a'  b'  d'  c\              

SYMMETRICAL   AND    SIMILAR    FIGURES. 
824.     An  axis  of  symmetry  is  any  line  so  drawn  that, 

if  the  part  of  the  figure  on  one  side  of 
the  line  be  folded  on  this  line,  it  will 
coincide  exactly  with  the  other  part, 
point  for  point  and  line  for  line.  Thus, 
in  Fig.  108,  if  the  upper  half  be  folded 
over  on  the  diameter  C  D,  it  will  coin- 
cide exactly  with  the  lower  half ;  also,  if 
Fig.  108.  the  part  on  the  right  of   the  diameter 

A  B  he  folded  over  on  A  B,  it  will  coincide  exactly  with  the 
part  on  the  left  of  this  line. 

It  is  evident  from  the  above  that  a  circle  may  have  any 
number  of  axes  of  symmetry.     In  certain  cases,  however,  a 
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figure  may  be  symmetrical  with  regard  to  only  one  axis. 

Thus,  the  isosceles  triangle  A  B  Cy  Fig.  109,  is  symmetrical 

with  regard,  to  the  axis  B  D,  because  the 

part  BCD  would    coincide   with   the    part 

B  A  Dy  if  folded  over  on  the  line  B  D ;  but  no 

other  axis  of  symmetry  could  be  drawn.     A 

rectangle  has  two  axes  of  symmetry  at  right 

angles  to  each  other.     A  hexagon  has  six  axes  -^ 

of  symmetry. 

826.  Similar  figures  are  those  which  are  alike  in 
form.  As  in  the  case  of  triangles,  which  have  been  consid- 
ered, two  figures,  to  be  similar,  must  have  their  correspond- 
ing sides  in  proportion,  and  the  angles  of  one  equal  to  the 
corresponding  angles  of  the  other.  Any  two  circles  are 
similar. 

826*  The  areas  of  two  similar  figures  are  to  each 
other  as  the  squares  of  any  one  dimension.  Thus,  a  paral- 
lelogram 10  inches  long  and  4  inches  wide  contains  40  square 
inches.  A  similar  parallelogram  20  inches  long  would  be  8 
inches  wide,  and  would  contain  160  square  inches,  while  the 
two  areas  would  be  to  each  other  as  the  squares  of  the  cor- 
responding sides  of  the  parallelograms.     That  is, 

40  :  160  =  10'  :  20^ 
or  40  :  160  =  4'  :  8'. 

ExAJCPLB. — ^A  circle  10  inches  in  diameter  contains  78.54  square 
inches;  what  is  the  area  of  one  12  inches  in  diameter  ? 

Solution. — Let  jr  =  the  area  of  the  larger  circle.     Then, 
78.54  :  .r=  10« :  12«,  or  jr  =  '^^'^^^^  =  113.0976  sq.  in.     Ans. 

827.  The  cubical  contents  (and  weights)  of  similar 
ttolids  are  to  each  other  as  the  cubes  of  any  one  dimension. 

Example. — If  a  cast  iron  ball  9  inches  in  diameter  weighs  100 
pounds,  what  would  one  15  inches  in  diameter  weigh  ? 

Solution. —100  :  .r=  9»  :  15»,  otx=  ^^Z'  =  463.96  pounds,  the 
weight  of  the  larger  ball.     Ans. 
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Example. — ^A  regular  hexagon  has  sides  5'  long;  how  much  greater 
will  the  area  of  another  regular  hexagon  be  whose  sides  are  80'  long  ? 

Solution. — 80  +  6  =  6,  or  the  length  of  a  side  of  a  80'  hexagon  is 
6  times  as  great  as  the  length  of  a  side  of  a  5'  hexagon ;  the  area  will 
be  O'  =  86  times  as  great.    Ans. 

This  example  may  also  be  solved  by  letting  1  represent  the  area  ot 

900 
the  5'  hexagon.    Then,  1 :  .ir  =  5« :  80»,  or  jr  =  -^  =  86. 


GASES  MET  WITH  IN  MINES. 


CHEMISTRY. 


COMPOSITION  OF  MATTER, 

828.  Chemistry  is  that  branch  of  science  which  treats 
of  the  composition  of  substances  and  the  alterations  they 
undergo  in  their  composition  by  a  change  in  the  kind,  num- 
ber, and  relative  position  of  their  atoms. 

829.  Mass  and  Volume. — The  mass  of  a  body  is  the 
amount  of  matter  contained  in  it.  ^ 

The  volume  of  a  body  is  the  space  which  it  occupies.  If 
a  body  of  irregular  shape  be  plunged  into  a  cylindrical  jar 
of  water,  the  rise  of  the  water  in  the  jar,  multiplied  by  the 
area  of  its  cross-section,  will  give  the  exact  volume  of  the 
body.      Volume  is  always  equal  to  displacement, 

830*.  Density  is  compactness  of  mass,  and  has  refer- 
ence to  the  amount  of  matter  in  a  given  volume  of  a  body. 
Thus,  there  is  more  matter  in  a  cubic  foot  of  iron  than  in  a 
cubic  foot  of  water;  therefore,  we  say  iron  is  more  dense 
than  water;  likewise,  carbonic  acid  gas  is  more  dense  than 
air. 

831.  Specific  Gravity. — The  specific  gravity  of  any 
body  whatever — solid,  liquid,  or  gas — is  the  measure  of  its 
density.  And,  in  order  to  measure  anything,  we  must 
have  a  standard,  or  unit,  of  measure.  The  standard,  or 
unit,  by  which  we  measure  the  density  of  all  solids  and 
liquids  alike  is  water.  In  like  manner,  the  unit  of  meas- 
ure for  all  mine  gases,  is  air.  The  chemist  uses  hydrogen 
gas  as  his  unit  of  measure  for  gases. 

§5 
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Our  units  of  measure,  then,  are  as  follows: 

For  solids  and  liquids,  62.5  lb.  =  weight  1  cu.  ft.  water. 

For  gases,  .0766  lb.  =  weight  1  cu.  ft.  air  (tem- 

perature, 60°  F. ;  barometer,  30"). 

For  example,  if  we  wish  to  measure  the  density  of  iron, 
we  must  first  know  the  weight  of  1  cubic  foot  of  the  iron, 
and  we  then  find  how  many  times  our  unit  of  .measure  is 
contained  in  this  weight,  which  will  give  us  the  density 
(specific  gravity)  of  the  iron.  Thus,  we  know  the  weight 
of  a  certain  kind  of  iron  is  480  pounds  per  cubic  foot,  and 
we  wish  to  determine  its  specific   gravity.     Applying  our 

480 
measure  of  the  density  of  solids,  we  find  that-T^r-—  =  7.68  is 

the  specific  gravity  of  this  iron. 

The  student  must  notice  carefully  that  the  specific  gravity 
of  a  body  is  always  the  ratio  between  the  weights  of  equal 
volumes  of  the  body  and  of  the  unit  or  standard.  For  this 
reason,  if  we  take  any  equal  volume  of  the  body  and  of  the 
unit,  or  standard,  and  divide  the  weight  of  the  one  by  the 
weight  of  the  other,  we  will  obtain  the  same  ratio  or  specific 
gravity.  Now,  if  we  take  any  irregular  piece  of  coal  or 
other  substance,  and  having  first  weighed  it  in  the  air,  we 
then  weigh  this  same  piece  of  coal  in  water,  the  coal  will  be 
buoyed  up  by  the  weight  of  the  water  which  it  displaces. 
Hence,  the  amount  the  coal  loses,  when  weighed  in  water, 
is  the  same  as  the  weight  of  its  own  volume  of  water. 
Therefore,  it  is  evident  that  if  we  divide  the  weight  of  any 
solid  when  weighed  in  air  by  the  loss  of  weight  when 
weighed  in  water,  we  shall  obtain  the  same  ratio,  which  is 
the  specific  gravity  of  the  substance. 

From  the  foregoing,  we  have  the  following  rule  to  find 
the  specific  gravity  of  any  solid: 

Rule. — Divide  the  weight  of  the  substance  in  air  by  the 
difference  betweeii  its  weight  in  air  and  its  weight  in  water; 
the  quotient  will  be  the  specific  gravity  of  the  substance. 
Let   If"  =  weight  of  the  substance  in  air; 

ITj  =  weight  of  the  substance  in  water; 
Sp.  Gr.  =  specific  gravity  of  the  substance. 
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Then,  Sp.  Gr.  =yp^jr  (1.) 

Example. — The  weight  of  a  piece  of  coal  in  the  air  is  7.62  lb. ;  when 
weighed  in  water,  it  weighs  only  1.62  lb.    What  is  its  specific  gravity  ? 

Solution.-  ^.^^^^-^^=-g-  =  1.27.    Ans. 

Or,  if  we  know  the  weight  of  1  cubic  foot  of  a  substance — 
solid,  liquid,  or  gas — and  we  divide  its  weight  per  cubic  foot 
by  our  unit  of  measure,  the  result  will  be  the  same  as  the 
specific  gravity.  Thus,  we  have  the  following  rule  for  find- 
ing the  specific  gravity  of  any  solid,  liquid,  or  gas  when 
the  weight  per  cubic  foot  is  given. 

Rule. — (a)  For  SoUds  or  Uquids. — Divide  the  weight  per 
cubic  foot  of  the  solid  or  liquid  by  the  unit  weight  of  the 
standard  {iveight  of  1  cubic  foot  of  water ^  62.5  pounds)  ;  the 
quotient  will  be  the  specific  gravity  of  the  solid  or  liquid. 

{b)  For  Oases* — Divide  the  iveight  per  cubic  foot  of  the  gas 
by  the  unit  iveight  of  the  standard  for  gases  {weight  of  1 
cubic  foot  of  air^  temperature  60°  F. ,  baroinetcr  SO  inches)  ; 
the  quotient  will  be  the  specific  gravity  of  the  gas. 

Let  w  =  weight  of  1  cubic  foot  of  the  solid,  liquid,  or  gas. 
Then,  we  have 

{a)  For  solids  or  liquids. 


{b)  For  gases, 


SP-  ^'•-  =  6?5-  (2.) 


sp-  ^'•-  =  :(f 0?;-        (3.) 


Example. — Take  the  weight  of  a  cubic  foot  of  mercury  as  850  pounds 
(at  normal  temperature  and  pressure),  and  find  its  specific  gravity. 

850       ,^  «      . 
Solution.—     5^.^=18.6.    Ans. 

62.0 

Example. — If  the  weight  of  a  cubic  foot  of  carbonic  acid  gas  at  a 
temperature  of  60°  F.  and  a  pressure  of  30'  of  mercury  is  .117129 
pound,  what  is  its  specific  gravity  ? 

Solution.—     ' -a,^^o    =15291.     Ans. 
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832.  To  make  plain  the  true  relation  of  the  terms 
mass,  volume,  density,  and  specific  gravity,  let  us  suppose 
we  have  1,000  cubic  feet  of  air  at  the  ordinary  atmospheric 
pressure.  If  this  pressure  is  increased  to  two  atmospheres, 
the  volume  will  be  reduced  to  one-half  of  what  it  was. 
The  mass,  however,  will  not  be  changed,  because  the  quan- 
tity of  matter  is  still  the  same ;  but  the  density  of  the  air 
is  doubled,  and  the  specific  gravity  is  doubled,  since  each 
cubic  foot  of  air  contains  twice  the  mass  that  it  contained 
before  compression,  while  the  reduced  volume  of  500  cubic 
feet  of  air  contains  the  same  mass  that  was  contained  in  the 
1,000  cubic  feet. 

The  practical  use  to  which  the  specific  gravity  of  a  body 
is  applied  is  to  calculate  the  weight  of  a  given  volume  of 
the  substance.  For  example,  the  weight  of  a  cubic  foot  of 
water  is  62.5  pounds,  and  if  the  specific  gravity  of  a  sample 
of  bituminous  coal  is  1.27,  then  the  weight  of  a  cubic  foot 
of  bituminous  coal  will  be  62.5  X  1.27  =  79.375  pounds. 

Rule. — (a)  For  Solids  or  Liquids. — Multiply  the  weight 
of  one  cubic  foot  of  water  {62.5)  by  the  specific  gravity  of  the 
solid  or  liquid ;  the  product  will  be  the  weight  of  one  cubic 
foot  of  the  solid  or  liquid. 

(b)  For  Oases. — Multiply  the  lu eight  of  one  cubic  foot  of 
air  {.01 6G pound) ^  temperature  GO^  F.^  barometer  SO' ^  by  the 
specific  gravity  of  the  gas  ;  the  product  zvill  be  the  weight  of 
071  e  cubic  foot  of  the  gas. 

(a)  For  solids  or  liquids, 

w  =  62. 5  X  Sp.  Gr.       (4.) 
{b)  For  gases, 

w=z  .0766  X  vSp.  Gr.     (5.) 


KXAMPLRS   FOR  PRACTICE. 

1.  What  is  the  weight  of  a  cubic  foot  of  anthracite  coal  having  a 
specific  gravity  of  1.55  ?  Ans.  96.875  pounds. 

2.  Find  the  weight  of  100  cubic  yards  of  earth  having  a  specific 
gravity  of  1.75.  Ans.  147.656  tons. 

3.  What  is  the  weight  of  200  cubic  feet  of  carbonic  acid  gas  at  a 
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temperature   of    60°  F.  and  a  barometer   pressure  of    30  inches,  the 
specific  gravity  of  the  gas  being  1.5291  (see  formula  5)  ? 

Ans.  28.4258  pounds. 

4.  Find  the  weight  of  500  cubic  feet  of  marsh-gas  at  a  temperature 
of  60"  F.  and  a  pressure  due  to  30  inches  of  barometer,  the  gas  having 
a  specific  gravity  of  0.559.  Ans.  21.41  pounds,  nearly. 


833.  Matter. — Matter  is  the  substance  of  which  the 
universe  consists.  It  is  indestructible  and  subject  to  changes 
of  form  under  different  conditions  of  heat  and  pressure; 
therefore,  we  find  it  assuming  all  the  three  forms  common  to 
matter;  namely,  the  gaseous,  liquid,  and  solid.  In  all  the 
conditions  in  which  we  find  matter,  it  consists  of  atoms  and 
molecules.  ^ 

834.  Atoms  and  Molecules. — Atoms. — An  atom  is 
the  smallest  conceivable  division  of  matter;  and,  hence,  an 
atom  is  always  simple  in  its  character. 

Molecules. — A  molecule  is  formed  by  the  chemical  union 
of  two  or  more  atoms.  The  atoms  composing  a  molecule 
may  be  like  or  unlike;  and,  hence,  the  molecule  may  be  either 
simple  or  compound. 

The  force  that  binds  atoms  together  to  form  a  molecule 
is  a  chemical  force,  which  we  call  affinity. 

The  force  that  binds  molecules  together  to  form  fuass  is  a 
molecular  force,  which  we  call  attraction. 

Affinity  binds  atoms  together. 

Attraction  unites  molecules. 

835.  Elements. — An  elementary  body  consists  of  a 
simple  substance  that  can  not  be  analyzed  or  reduced  to 
parts  that  have  other  properties  than  those  peculiar  to  itself. 
An  element  is  a  substance,  or  form  of  matter,  composed 
wholly  of  like  atoms.  Thus,  hydrogen  is  an  element,  because 
it  is  composed  only  of  hydrogen  atoms.  For  the  same  reason, 
oxygen,  nitrogen,  carbon,  iron,  lead,  silver,  gold,  etc.,  are 
all  elements.  Table  17  comprises  the  most  of  the  elements 
now  known. 
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836*  Compounds. — Any  substance  or  form  of  matter 
that  is  composed  of  unlike  atoms  is  a  compound.  Two 
classes  of  compounds  exist,  viz. : 

{a)  Cbemical  compounds,  in  which  the  combining 
atoms  unite  in  definite,  fixed  proportions,  according  to  chem- 
ical laws,  which  give  to  the  atoms  of  each  element  certain 
combining  powers.  For  example,  water  is  a  chemical  com- 
pound, being  always  formed  by  the  union  of  two  atoms  of 
hydrogen  to  one  atom  of  oxygen. 

In  like  manner,  when  one  atom  of  carbon  unites  with  one 
atom  of  oxygen,  carbonic  oxide  gas  is  formed;  but  when 
one  atom  of  carbon  unites  with  two  atoms  of  oxygen,  car- 
bonic acid  gas  is  produced.  These  two  gases  have  very  dif- 
ferent properties. 

Again,  when  one  atom  of  carbon  unites  with  four  atoms 
of  hydrogen,  marsh-gas  results;  but  when  tivo  atoms  of 
carbon  unite  with  the  four  atoms  of  hydrogen,  olefiant  gas 
(ethene)  is  produced. 

These  are  all  examples  of  chemical  compounds,  as  are  also 
salt,  blue  vitriol,  nitric  acid,  etc. ,  for  they  are  all  formed  by 
the  chemical  union  of  dissimilar  atoms. 

{b)  Mechanical  mixtures  are  not  true  compounds,  as 
they  are  composed  more  properly  of  unlike  molecules,  in 
place  of  unlike  atoms.  The  molecules  of  the  different  sub- 
stances forming  the  mixture  may  be  present  in  any  propor- 
tions, and  the  mixture  will  have  properties  varying  with  the 
proportions  of  the  ingredients. 

The  atmosphere  about  us  is  a  good  example  of  a  me- 
chanical mixture,  as  we  shall  see  later,  for  it  consists 
principally  of  oxygen  and  nitrogen  gases,  mixed  in  a  free 
state  (having  no  chemical  bond  of  union).  The  propor- 
tion of  these  two  gases  in  the  atmosphere  is  quite 
constant,  being  approximately  07te  of  oxygen  to  four  of 
nitrogen. 

Solutions  of  different  salts  in  water  are  examples  of  me- 
chanical mixtures;  the  strength  of  the  solution  or  mixture 
will  vary  with  the  amount  of  salt  dissolved. 


§s 
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TABLE  17. 


Atomic 

Atomic 

Name. 

Symbol. 

Weight. 

Name. 

Symbol. 

Weight. 

*  Aluminium, 

AL 

27.4 

Mercury, 

^^• 

200.0 

*  Antimony, 

Sb. 

122.0 

*  Molybdenum, 

Mo. 

96.0 

♦Arsenic, 

As. 

75.0 

Nickel, 

Nt. 

58.0 

Barium, 

Ba. 

137.0 

Niobium    (C  o  1  - 

Beryllium  (Glu- 

umbium,  Cb.), 

Nb. 

94.0 

cinum,  Gl.), 

Be. 

9.2 

Nitrogen, 

N. 

14.0 

Bismuth, 

Bi. 

210.0 

Osmium, 

Os. 

200.0 

Boron, 

B. 

11.0 

Oxygen, 

0. 

16.0 

Bromine^ 

Br. 

80.0 

Palladium, 

Pd. 

106.0 

Cadmium, 

Cd. 

112.0 

*  Phosphorus, 

P. 

31.0 

Caesium, 

Cs. 

138.0 

Platinum, 

PL 

197.4 

Calcium, 

Ca. 

40.0 

Potassium, 

K. 

39.1 

*Cmtton, 

C. 

12.0 

Rhodium, 

Ro. 

104.0 

Cerium, 

Ce. 

91.3 

Rubidium, 

Rb. 

85.4 

Chlorine, 

a. 

35.5 

Ruthenium, 

Ru. 

104.0 

*  Chromium, 

Cr. 

52.2 

Samarium, 

Sm. 

150.0 

Cobalt, 

Co. 

eo.o 

Scandium, 

Sc. 

44.9 

*  Columbium  (Ni- 

•Selenium, 

Se. 

79.0 

obium,  Nb.), 

Cb. 

94.0 

*  Silicon, 

Si. 

28.0 

Copper, 

Cu. 

63.4 

Silver, 

Ag. 

108.0 

Decipium, 

Dp. 

159.0 

Sodium, 

Na. 

23.0 

Didymium, 

D. 

95.0 

Strontium, 

Sr. 

88.0 

Erbium, 

E. 

112.6 

*  Sulphur, 

S. 

32.0 

Fluorine^ 

F. 

19.0 

*  Tantalum, 

Ta. 

182.0 

Gallium, 

Ga. 

69.8 

♦Tellurium, 

Te. 

128.0 

Glucinum  (Beryl- 

Terbium, 

Tb. 

75.4 

lium,  Be.), 

GL 

9.2 

Thallium, 

TL 

204.0 

♦Gold, 

Au. 

197.0 

Thorium, 

Th. 

118.4 

'Hydrogen, 

H. 

1.0 

*Tin. 

Sn. 

118.0 

Indium, 

In. 

113.4 

♦Titanium, 

Ti. 

50.0 

Iodine^ 

I. 

127.0 

*  Tungsten, 

IV. 

184.0 

Iridium, 

Jr. 

198.0 

*  Uranium, 

U. 

120.0 

Iron, 

Fe. 

56.0 

Vanadium, 

V. 

51.3 

Lanthanum, 

La. 

92.0 

Ytterbium, 

Yb. 

173.0 

Lead, 

Pb. 

207.0 

Yttrium, 

Y. 

89.0 

Lithium, 

Li. 

7.0 

Zinc, 

Zn. 

65.0 

Magnesium, 

Mg. 

24.0 

Zirconium, 

Zr. 

89.6 

*  Manganese, 

Mn. 

55.0 

•Sometimes  basic,  sometimes  acid. 

Note. — Heavy-faced  type  indicates  the  elements  of  most  importance 
to  the  student  of  this  subject.  Basic  elements  are  printed  in  common 
type;  acid  elements  in  italics. 
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837.  Dissociation. — This  part  of  our  subject  would 
not  be  complete  without  some  particular  reference  to  the 
mode  of  union  and  disunion  of  atoms.  The  affinities  which 
exist  between  the  atoms  of  the  different  elements  vary  very 
much.  In  some  cases,  the  affinity  is  so  slight  as  to  render 
the  compound  very  unstable,  and  dissociation  of  the  atoms 
will  ensue  from  the  least  cause.  Examples  of  this  are  the 
various  fulminators  and  some  of  the  detonating  explosives. 
On  the  other  hand,  the  affinities  between  atoms  of  certain 
other  elements,  as  oxygen  and  hydrogen,  or  oxygen  and 
carbon,  are  very  strong,  and  their  union  is  very  apt  to  be 
accompanied  with  the  manifestation  of  considerable  energy, 
either  in  the  form  of  heat  or  mechanical  work. 

In  this  development  of  energy,  incident  to  the  dissocia- 
tion of  atoms,  lies  one  of  the  most  important  principles  in 
the  chemistry  of  mining. 

838.  Atomic  Weiglits. — By  this  we  mean  the  weights 
of  the  atoms  of  all  the  elementary  bodies.  These  weights 
are  expressed  in  terms  of  the  weight  of  the  hydrogen  atom ; 
that  is,  the  lightest  known  element  in  nature;  for  example, 
it  is  said  the  atomic  weight  of  nitrogen  is  14,  meaning  to 
say  that  an  atom  of  nitrogen  is  14  times  as  heavy  as  an 
atom  of  hydrogen,  and  so  on  with  the  atomic  weights  of  the 
other  elements. 

Table  17  gives  the  most  of  the  known  elements,  with 
their  respective  symbols  and  atomic  weights. 

Atomic  weight  means  only  relative  iveight.  It  does  not 
mean  pounds,  or  ounces,  or  grammes,  or  any  other  denomi- 
nation in  particular.  For  example,  since,  from  analysis,  we 
know  that  water  is  a  chemical  compound  formed  by  the 
union  of  tivo  atoms  of  hydrogen  with  07ie  atom  of  oxygen, 
the  molecular  livcigtit  (weight  of  1  molecule)  of  water 
(//,  O)  will  be  as  follows: 

Hydrogen  (//,),  2  atoms  (2  X  1)  =    2 
Oxygen  ((?),  1  atom  =16 

Water  (//",  (?),  1  molecule  =  18  =  molecular  weight. 

Then,  we  readily  see  that  hydrogen  forms  i^  =  i  of  the 
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weight  of  water,  and  oxygen  forms  |J  =  |  of  the  weight  of 
the  same. 

In  the  same  way,  the  atomic  weight  of  carbon  being  12 
and  that  of  hydrogen  1,  we  have  for  the  weight  of  a  mole- 
cule (called  molecular  weight)  of  marsh-gas  {CH^ : 

Carbon  (C),  1  atom  =  12 

Hydrogen  (//^),  4  atoms  (4x1)=    4 

Marsh-gas  (CH^),  1  molecule         =  16  =  molecular  weight. 

We  see,  therefore,  that  the  carbon  forms  if  =  f,  or  75 
per  cent,  by  weight  of  the  marsh-gas,  and  hydrogen  forms 
^  =  ^,  or  25  per  cent,  of  the  same. 

This  makes  plain  that  the  atomic  weights  of  the  various 
elements  are  only  relative,  hydrogen  being  taken  as  unity. 

Examples. — {a)  What  per  cent,  of  the  weight  of  carbonic  oxide  gas 
is  pure  oxygen  ? 

Solution. — Carbonic  oxide  gas  (CO)  contains  one  atom  of  carbon 
and  one  atom  of  oxygen,  by  weight,  carbon  12  parts  and  oxygen  16  parts 
(see  Table  17),  12  and  16  being  the  relative  weights  of  the  atoms, or  the 
atomic  weights,  of  carbon  and  oxygen.  The  molecular  weight,  there- 
fore, of  carbonic  oxide  gas  is  12  -+- 16  =  28,  of  which  oxygen  forms 
41  =  ^  =  57. 143  per  cent. ,  nearly.     Ans. 

(d)  What  weight  of  carbonic  acid  gas  will  be  produced  in  burning 
100  pounds  of  coal  containing  90  per  cent,  of  carbon  ? 

Solution. —    90^  of  100  =  90  pounds  of  carbon. 

Carbon  (C)    atomic  weight  (Table  17)  1  atom  12 

Oxygen  (O,)  atomic  weight  (Table  17)  2  atoms  (16  X  2)  32 

Carbonic  acid  gas  (C(9a),  molecular  weight  44 

Percentage  of  carbon  =  ^  =  ^y  =  27.27^.  Then,  90  pounds  of  carbon 
is  -f^  of  the  weight  of  carbonic  acid  gas  formed,  and  -j't  =  i  ^^  90  = 
30  pounds,  and  \\  or  the  whole  weight  of  gas  formed  =  30  X  H  = 
330  pounds.     Ans. 

(c)  If  the  specific  gravity  of  carbonic  acid  gas  is  1.5291,  what  volume 
of  gas,  at  a  temperature  of  60"  F.,  and  a  barometric  pressure  equal  to 
30',  will  be  produced,  in  the  last  problem,  by  burning  the  100  pounds 
of  coal,  which  we  found  yields  330  pounds  of  this  gas  ? 

Solution.— The  specific  gravity  of  the  gas  being  1.5291,  one  cubic 

foot  at  the  temperature  and  pressure  given  will  weigh  .0766  X  1.5291  = 

.117129  pounds;  and  330  pounds  of  the  gas  will  contain  as  many  cubic 

330 
feet  as  -rrfi^Q  =  2,817.4  cubic  feet.     Ans. 
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BXAMPL.BS  FOR  PRACTICB. 

1.  What  percentage  of  the  weight  of  marsh-gas  {C//4)  is  pure 
hydrogen  (a  molecule  of  marsh-gas  containing  one  atom  of  carbon  and 
/our  atoms  of  hydrogen)  ?  Ans.  2^. 

2.  If  the  specific  gravity  of  marsh-gas  (Table  19)  is  0.559,  what 
weight  of  hydrogen  will  be  contained  in  1,000  cubic  feet  of  this  gas,  at 
a  temperature  of  60**  F.,  barometer  30'  ?  Ans.  10.705  lb.,  nearly. 

3.  If  all  of  the  hydrogen  in  example  2  were  to  unite  with  oxygen 
(in  the  proportion  of  fwo  atoms  of  hydrogen  to  one  atom  of  oxygen) 
to  form  water,  what  weight  of  water  would  be  produced  ? 

Ans.  96.3451b. 

4.  What  weight  of  carbon  is  contained  in  100  cubic  feet  of  carbonic 
oxide  gas  (C0\  a  molecule  of  this  gas  containing  one  atom  of  carbon 
and  one  atom  of  oxygen,  temperature  =60"  F.,  barometer  30'? 

Ans.  3.17451b. 

839.  Symbols. — To  facilitate  the  writing  of  chemical 
equations,  each  of  the  elements  is  expressed  in  writing  by  a 
symbol,  as  given  in  Table  17.  In  like  manner,  a  chemical 
compound  is  expressed  by  the  symbols  of  its  constituent 
elements.  Thus,  water,  composed  of  /zf^ atoms  of  hydrogen 
and  one  atom  of  oxygen,  is  expressed  by  the  symbol  //,  O. 
In  the  same  manner,  we  write  CO  for  carbonic  oxide  gas, 
CO^  for  carbonic  acid  gas,  and  CN^  for  carbureted  hydrogen 
or  marsh-gas;  the  number  of  atoms  of  each  element,  when 
more  than  one,  being  denoted  by  the  little  subscript  figure 
following  its  symbol.  When  it  is  desired  to  express  more 
than  one  mo/ecu/Cj  we  write  the  figure  indicating  the  number 
before  the  formula  of  the  molecule.  Thus,  four  molecules 
of  carbonic  acid  gas  are  written  4  C(9„  and  in  these  four 
molecules  there  are  /our  atoms  of  carbon  and  et^/it  atoms  of 
oxygen. 

These  symbols  are,  in  most  cases,  the  first  letter  of  the 
name  of  the  element  itself.  For  example,  the  symbol  for 
oxygen  is  O,  for  hydrogen  it  is  //;  and  such  symbols  are 
always  capital  letters.  When  the  initial  letters  of  the  names 
of  different  elements  are  the  same,  one  of  the  elements  is 
designated  by  its  initial  letter;  but  each  of  the  others  has 
some  additional  letter  to  distinguish  it,  and-this  extra  letter, 
in  each  case,  is  a  small  letter.     Thus,  the  symbol  for  carbon 
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is  C;  for  chlorine,  CI;  for  chromium,  Cr;  for  cadmium,  Cd, 
etc.  Others  of  the  elements  have  for  their  symbols  an 
abbreviation  of  their  Latin  names;  as,  for  example,  the 
symbol  for  iron  is  Fe  (Latin,  yifrr«;//),  and  silver,  /i^  (Latin, 
argentum).  In  writing  chemical  symbols,  be  careful  that 
you  do  not  use  capitals  and  small  letters  indiscriminately, 
for  the  meaning  may  thereby  be  greatly  changed.  Thus, 
were  we  to  write  CO  (carbonic  oxide),  a  deadly  gas  would 
be  meant,  while  if  it  had  been  made  Co^  it  would  represent 
the  chemical  symbol  for  cobalt. 

840.     Cbemlcal  Equations. — An  equation  expresses 

equality.     We   may   have   a   numerical    equation;    as,    for 

example, 

2  +  4  =  3x2. 

The  sign  of  equality  divides  the  two  equal  members  of  an 
equation,  always  showing  that  they  are  equal  to  each  other. 
A  clumical  equation  is  used  to  show  the  arrangement  and 
grouping  of  atoms,  before  and  after  a  reaction.  We  must 
remember  that  matter  may  be  changed  in  its  for m^  but  can  not 
be  destroyed ;  hence,  the  grouping  of  the  atoms  will  be  dif- 
ferent after  the  reaction  from  what  it  was  before  the  reac- 
tion took  place;  but  the  number  and  kind  of  atoms  will  be 
equal  before  and  after  such  reaction.  For  example,  when 
sulphuric  acid  {H^SO^  acts  upon  metallic  zinc  (Z;/),  the 
hydrogen  of  the  acid  is  replaced  by  the  zinc,  and  the  result 
is  that  a  salt  (sulphate  of  zinc)  is  formed  and  a  gas 
(hydrogen)  is  set  free.  This  reaction  is  expressed  by  the 
following  chemical  equation : 

Zn  +  H^  SO,  =  Zn  SO,  +  2//. 

841  •  Atomic  volume  is  relative  volume,  as  atomic 
weight  is  relative  weight.  It  has  been  ascertained  that, 
with  few  exceptions,  the  specific  gravities  of  simple  gases, 
when  referred  to  hydrogen  as  unity,  are  equal  to  their 
respective  atomic  weights;  as,  for  example,  the  density 
(specific  gravity)  of  nitrogen,  referred  to  hydrogen,  is  14; 
and,  referring  to  Table  17,  we  see  that  its  atomic  weight  is, 
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likewise,  14.     From  the  foregoing  has   been   deduced  the 
following  law : 

First  La-w  of  Volume. — (a)  Like  volumes  of  simple 
gases  contain  the  same  number  of  atoms. 

{b)     The  atoms  of  all  simple  gases  are  of  the  same  size. 

It  has  been  further  ascertained  that  the  densities  of  com- 
pound gases  are,  with  few  exceptions,  equal  to  one-half  of 
their  molecular  weights;  as,  for  example,  the  density  of 
carbonic  acid  gas  {CO^^  referred  to  hydrogen  as  unity,  is 
22;  its  molecular  weight  (sum  of  the  atomic  weights  of  its 
elements)  is  12  +  (2  X  10)  =  44.  (See  Table. 17.)  Hence,  we 
see  that  its  density  is  one-half  of  its  molecular  weight. 
From  this  the  following  law  has  been  deduced: 

Second  L#ai^  of  Volume. —  The  molecules  of  compound 
gases  occupy  twice  the  volume  of  an  atom  of  hydrogen  gas. 

The  exceptions  to  these  general  laws  of  volume  are  very 
few,  and  not  important  to  our  subject.  The  foregoing  rules 
do  not  refer  to  solids  or  liquids. 

These  two  laws  of  volume  make  it  possible  to  determine 
the  volume  of  gases  resulting  from  any  given  chemical 
reaction.  For  example,  when  carbonic  oxide  gas  burns,  it 
unites  with  the  oxygen  of  the  air  according  to  the  equation 

C0  +  0=  CO,. 

But  the  molecule  CO  (1  atom  C  and  1  atom  O)  is, 
according  to  the  second  law  of  volume,  equal  to  the  size  of 
two  atoms  of  hydrogen  gas;  and,  according  to  the  first  law 
of  volume,  the  atom  O^  with  which  it  unites,  is  equal  in  size 
to  one  atom  of  hydrogen  gas.  Hence,  the  volumes  of  CO 
and  Oy  which  unite,  are  to  each  other  as  2  :  1.  In  the  same 
manner,  we  find  the  volume  of  CO,  formed  is  equal  to  the 
original  volume  of  CO.  In  other  words,  tzuo  volumes  of 
carbonic  oxide  gas,  mixed  with  one  volume  of  oxygen,  and 
exploded,  will  form  only  t7uo  volumes  of  carbonic  acid  gas. 

In  like  manner,  when  ammonia  {NH,)  is  decomposed  in 
a  tube,  by  electric  sparks,  it  is  found  that  two  volumes  AW, 
yield  one  volume  N  and  three  volumes  //,  or  four  volumes  of 
the  simple  gases. 
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Example. — Determine  the  volume  of  carbonic  acid  gas  (C(9a)  resulting 
from  the  explosion  of  500  cubic  feet  of  marsh-gas  (CH^\  at  equal  tem- 
peratures and  pressures. 

Solution. — Assuming  that  all  of  the  carbon  (C)  of  the  marsh-gas  is 
converted  into  carbonic  acid  gas  (COa),  we  find 

1  molecule  CH^  yields  1  molecule  C0% . 
By  the  second  law  of  volume,  each  of  these  molecules  occupies  twice 
the  volume  of  an  atom  of  hydrogen  gas,  and  they  are,  therefore,  equal 
to  each  other.  Hence,  500  cubic  feet  of  marsh-gas  yield  500  cubic  feet 
of  carbonic  acid  gas,  under  the  assumed  conditions  (equal  temperatures 
and  pressures).     Ans. 

Example. — How  many  cubic  feet  of  oxygen  have  been  consumed  in 
the  formation  of  the  500  cubic  feet  of  carbonic  acid  gas  of  the  previous 
example  ? 

Solution. — Two  atoms  of  oxygen  are  consumed  in  the  formation  of 
each  molecule  of  carbonic  acid  gas  (C6?i).  These  two  atoms,  according 
to  the  first  law  of  volume,  are  of  the  same  size  or  volume  as  two  atoms 
of  hydrogen  gas;  likewise,  according  to  the  second  law  of  volume,  the 
molecule  of  carbonic  acid  gas  formed  occupies  twice  the  volume  of  an 
atom  of  hydrogen  gas.  Hence,  the  volume  of  the  oxygen  consumed 
is  equal  to  the  volume  of  the  gas  formed  (500  cu.  ft.).     Ans. 


BXAMPLBS  FOR  PRACTICK. 

In  the  following  examples,  assume  constant  temperature  and  pres- 
sure: 

1.  How  many  cubic  feet  of  oxygen  will  be  consumed  in  the  forma- 
tion of  100  cubic  feet  of  carbonic  oxide  gas  {CO)  ?  Ans.  50  cu.    t. 

2.  If  the  hydrogen  in  100  cubic  feet  of  ammonia  gas  were  set  free, 
what  volume  would  it  make  ?  Ans.  150  cu.  ft. 

3.  The  formula  for  ethene,  or  olefiant  gas,  is  Cj  //» ;  what  volume  of 
oxygen  will  be  required  to  convert  100  cubic  feet  of  this  gas  into  C0% 
and  //,  O  ?  Ans.  800  cu.  ft. 

842.  Constitution  of  Matter. — In  order  to  rightly 
understand  the  relation  of  force  to  matter,  we  must  consider 
the  latter  as  made  up  of  minute  particles,  which  we  have 
already  termed  atoms  and  molecules. 

The  union  of  atoms  produces  molecules^  and  the  uniofi  of 
molecules  produces  mass. 

The  atoms  forming  the  molecules  of  a  substance  may  be 
like  or  tinlike.  When  they  are  like^  the  substance  is  elemen- 
iary;  when  unlike,  it  is  compound. 

The  molecules  of  any  homogeneous  mass  are  always  alike. 
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843*  Molecular  Forces. — The  force  which  unites 
atoms  is  affinity;  it  is  a  chemical  force. 

The  molecules  of  all  matter  are  acted  upon  by  two  opposite 
or  contrary  forces;  viz.,  the  force  of  attraction  and  the  force 
of  repulsion.  The  former  of  these  two  forces  acts  to  bind 
the  molecules  together,  the  latter  to  drive  them  apart. 
The  attractive  principle  or  force  exists  in  every  molecule  of 
a  mass,  to  draw  it  towards  every  other  molecule ;  it  is  an  in- 
herent force,  peculiar  to  all  matter  to  a  greater  or  less 
extent. 

The  repulsive  force  existing  between  the  molecules  of  a 
mass  is  what  may  be  termed  an  imposed  force.  It  is  not 
common  to  the  mass,  but  is  an  induced  or  applied  force. 
This  repulsive  force  is  largely  the  result  of  heat  or  the 
temperature  of  the  mass. 

844.  Heat  Unit. — We  measure  the  quantity  of  heat  by 
what  is  termed  the  thermal^  or  heat^  unit.  The  British 
thermal  unit  is  the  amount  of  heat  which  will  raise  the 
temperature  of  one  pound  of  water  one  degree  of  the  Fahren- 
heit scale.  Table  18  gives,  in  round  numbers,  the  number 
of  British  thermal  units  produced  by  the  burning  of  one 
pound  of  different  solids  and  gases  in  oxygen. 

TABLE   18. 


Substance. 


British  Thermal  Units 
(per  Pound). 


Hydrogen  gas  {//  ) 62,000 

Marsh-gas  (C//J 23,500 


Carbonic  oxide  gas  {CO) .. . 

Anthracite  coal 

Bituminous  coal 

Coke 

Wood  (ordinary) 


4,300 
15,230 
14,400 
12,(300 

5,000 


§  5  GASES  MET  WITH  IN  MINES.  15 


AIR  AND  GASES. 


THB   ATM08PHERB. 

845.  Composition. — An  analysis  of  the  atmosphere 
about  us  shows  it  to  consist  of  a  viixUire  of  oxygen  and 
nitrogen,  with  varying  amounts  of  carbonic  acid  gas  and 
ammonia.  The  oxygen  and  nitrogen  are  always  free  or 
uncombined,  and  are  present  in  the  proportions  given  below. 

By  Volume.      By  Weight. 
Nitrogen,  79.3  77 

Oxygen,  20. 7  23 

100.0  100 

The  amounts  of  the  other  ingredients  are  changing  all  the 
time,  due  to  local  causes.  Thus,  the  air  of  a  crowded  room, 
or  a  ipine,  or  -the  air  in  the  vicinity  of  large  factories,  may 
show  a  high  percentage  of  carbonic  acid  gas;  while,  again, 
the  air  of  an  open  field,  just  after  a  shower,  may  show 
scarcely  a  trace  of  this  gas ;  while  the  proportions  of  oxygen 
and  nitrogen  will  show  no  practical  variation.  The  pro- 
portions of  these  two  elements  existing  in  the  atmosphere, 
by  volume,  is  in  the  ratio  of  about  four  volumes  of  nitrogen 
to  one  volume  of  oxygen.  The  oxygen  and  nitrogen  are  in 
^  free  state;  that  is,  they  are  mechanically  mixed  in  this 
proportion  throughout  the  entire  atmosphere,  and  are  not 
chemically  combined. 

The  atmosphere  is  essential  to  all  animal  and  vegetable 
life.  Its  oxygen,  which  forms  about  one-fifth  of  its  volume, 
enters  into  a  large  number  of  chemical  reactions,  and  sup- 
ports combustion  in  every  form. 


PHYSICAL   PROPBRTIBS    OF    AIR    AND    GASES. 

846.  Welglit  of  Air. — It  was  supposed  by  the  ancients 
that  air  had  no  weight,  and  it  was  not  until  about  the  year 
1650  that  it  was  proven  that  air  really  has  weight.  A  cubic 
inch  of  air,  under  ordinary  conditions,  weighs  .31  grain, 
nearly.     The  ratio  of  the  weight  of  air  to  water  is  about 
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1  :  774;  that  is,  air  is  only  ^kr  ^^  heavy  as  water.  If  a 
vessel,  made  of  light  material,  be  filled  with  a  gas  lighter 
than  air,  so  that  the  total  weight  of  the  vessel  and  gas  is 
less  than  the  air  which  they  displace,  the  vessel  will  rise.  It 
is  on  this  principle  that  balloons  are  made. 

Since   air   has   weight,  it   is   evident  that  the  enormous 
quantity  of  air  that  constitutes  the  atmosphere  must  exert 

a  considerable  pressure  upon  the 
earth.  This  is  easily  proven  by 
taking  a  long  glass  tube  closed  at 
one  end  and  filling  it  with  mercury. 

Ulf  the  finger  be  placed  over  the 
open  end  so  as  to  keep  the  mercury 
from  running  out,  and  the  tube  be 
inverted  and  placed  in  a  glass  of 
mercury,  as  shown  in  Fig.  110,  the 
mercury  in  the  tube  will  jfall,  then 
rise,  and,  after  a  few  oscillations, 
will  come  to  rest  at  a  height  above 
the  top  of  the  mercury  in  the  glass 
equal  to  about  30  inches.  This 
height  will  always  be  the  same  under 
the  same  atmospheric  conditions. 
Now,  if  the  atmosphere  has  weight, 
it  must  press  upon  the  upper  sur- 
face of  the  mercury  in  the  glass 
with  equal  intensity  upon  every 
square  unit,  except  upon  that  part 
of  the  surface  occupied  by  the  tube. 
In  order  that  there  will  be  equi- 
F»o.  na  librium,    the    weight   of    the   mer- 

cury in  the  tube  must  be  equal  to  the  pressure  of  the  air 
upon  an  area  of  the  upper  surface  of  the  mercury  in  the 
glass,  equal  to  the  area  of  the  inside  of  the  tube.  Suppose 
that  the  area  of  the  inside  of  the  tube  is  1  square  inch,  then, 
since  mercury  is  13.6  times  as  heavy  as  water,  and  a  cubic 
inch  of  water  weighs  .03617  pound,  the  weight  of  the 
mercurial  column  is  .03617  X  13.6  X  30  =  14.7574  pounds. 
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The  actual  height  of  the  mercury  is  a  little  less  than  30 
inches,  and  the  actual  weight  of  a  cubic  inch  of  distilled  water 
is  a  little  less  than  .03G17  pound.  When  these  consider- 
ations are  taken  into  account,  the  average  weight  of  the 
mercurial  column  at  the  level  of  the  sea,  when  the  temper- 
ature is  G0°,  is  14.(59  pounds,  or,  practically,  14.7  pounds. 
Since  this  weight,  exerted  upon  1  square  inch  of  the  liquid 
in  the  glass,  just  produced  equilibrium,  it  is  plain  that  the 
pressure  of  the  outside  air  is  14.7  pounds  upon  every  square 
inch  of  surface. 

847*  Vacuum. — The  space  between  the  upper  end  of 
the  tube  and  the  up'per  surface  of  the  mercury  is  called  a 
Toricellian  vacuum^  or  simply  a  vacuum^  meaning  that  it  is 
an  entirely  empty  space,  and  does  not  contain  any  sub- 
stance, solid,  liquid,  or  gaseous.  If  there  was  a  gas  of  some 
kind  there,  no  matter  how  small  the  quantity  might  be,  it 
would  expand,  filling  the  space,  and  its  tension  would  cause 
the  column  of  mercury  to  fall  and  become  shorter,  accord- 
ing to  the  amount  of  gas  or  air  present.  The  space  is  then 
called  2^  partial  vacuum.  If  the  mercury  fell  1  inch,  so  that 
the  column  was  only  29  inches  high,  we  would  say,  in  ordi- 
nary language,  that  there  were  29  inches  of  vacuum.  If  it 
fell  8  inches,  we  would  say  that  there  were  22  inches  of 
vacuum;  if  it  fell  16  inches,  we  would  say  that  there 
were  14  inches  of  vacuum,  etc.  Hence,  when  the  vacuum- 
gauge  of  a  condensing-engine  shows  20  inches  of  vacuum, 
there  is  enough  air  in  the  condenser  to   produce  a  pres- 

sure  of  — —- —  X  14.7  =  -/j  X  14.7  =  l.OG  pounds  per  square 

inch. 

If  the  tube  had  been  filled  with  water  instead  of  mercury, 
the  height  of  the  column  of  water  to  balance  the  pressure 
of  the  atmosphere  would  have  been  30  X  13.  G  =  408  inches  = 
34  feet.  This  means  that  if  a  tube  be  filled  with  water, 
inverted,  and  placed  in  a  dish  of  water  in  a  manner  similar 
to  the  experiment  made  with  the  mercury,  the  height  of  the 
column  of  water  would  be  34  feet. 
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648.     The  barometer  is  an  instrument  used  for  meas- 
uring the  pressure  of  the  atmosphere.     There  are  two  kinds 
in  general  use — the  mercurial  barometer  and  the  aneroid 
barometer.     The  mercurial  barometer  is  shown  in  Fig.  111. 
The  principle  is  the  same  as  the  inverted  tube, 
shown  in  Fig.   110.      In  this  case,  the  tube  and 
cup  at  the  bottom  are  protected  by  a  brass  or  iron 
casing.     Near  the  top  of  the  tube  is  a  graduated 
scale  which  can  be  read  to  -f^n^  of  an  inch  by 
means  of   a   vernier.     Attached  to  the  casing  is 
an   accurate   thermometer   for   determining    the 
temperature  of  the   outside  air  at  the  time  the 
barometric  observation  is  taken.     This  is  neces- 
sary, since  mercury  expands  when  the  temperature 
.  is  increased,  and  contracts  when  the  temperature 
I  falls ;  for  this  reason  a  standard  temperature  is  as- 
sumed, and  all  barometer  readings  are  reduced  to 
this  temperature.     This  standard  temperature  is 
usually  taken  at   32°    P.,  at  which   temperature 
the  height  of  the  mercurial  column  is  30  inches. 
Another  correction  is  made  for   the  altitude  of 
the  place  above  sea-level,  and  a  third  correction 
for  the  effects  of  capillary  attraction. 

In  Fig.  112  is  shown  a  cut  of  an  aneroid  barome- 
ter.   These  instruments  are  made  in  various  sizes, 
froifi  the  size  of  a  watch  up  to  an  8  or  10  inch 
J  face.     They  consist  of  a  cylindrical  box  of  metal 
I  with  a  top  of  thin,  elastic,  corrugated  metal.     The 
i  air  is  removed  from  the  box.      When  the  atmos- 
pheric pressure  increases,  the  top  is  pressed  in- 
wards,   and    when    it    is    diminished,    the    top    is 
pressed  outwards  by  its  own  elasticity,  aided   by 
a  spring  btneath.     These  movements  of  the  cover 
are  transmitted  and  multiplied  by  a  combination 
__  of  delicate  levers,  which  act  upon  an  index-hand, 

Pig.  in.  ^^^  cause  it  to  move  either  to  the  right  or  left,  over 
a  graduated  scale.  These  barometers  are  self -correcting 
(compensated)   for   variations   in   temperature.     They   are 
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very  portable,  occupying  but  a  small  space,  and  are  so  deli- 
cate that  they  are  said  to  show  a  difference  in  the  atmos- 
spheric  pressure  when  transferred  from  the  table  to  the 
floor.  The  mercurial  barometer  is  the  standard.  With 
air,  as  with  water,  the  lower  we  get,  the  greater  the  pressure, 
and  the  higher  we  gel,  the  less  the  pressure.  At  the  level 
of  the  sea,  the  height  of  the  mercurial  column  is  about  30 
inches;  at  5,000  feet  above  the  sea,   it  is  24.7   inches;  at 


10,000  feet  above  the  sea,  it  is  20.5  inches;  at  15,000  feet,  it 
is  li).9  inches;  at  3  miles,  it  is  1(!.4  inches,  and  at  C  miles 
above  the  sea-level,  it  is  8.9  inches. 

849.  Density  of  Air. — The  weight  of  a  cubic  foot 
(called  the  density)  also  varies  with  the  altitude;  that  is,  a 
cubic  foot  of  air  at  an  elevation  of  5,000  feet  above  the 
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sea-level  will  not  weigh  as  much  as  a  cubic  foot  at  sea-level. 
This  is  proven  conclusively  by  the  fact  that  at  a  height  of 
3^  miles  the  mercurial  column  measures  but  15  inches,  in- 
dicating that  half  the  weight  of  the  entire  atmosphere  is 
below  that.  It  is  known  that  the  height  of  the  earth's  at- 
mosphere is  at  least  50  miles;  hence,  the  air  just  before 
reaching  the  limit  must  be  in  an  exceedingly  rarefied  state. 
It  is  by  means  of  barometers  that  great  heights  are  measured. 
The  aneroid  barometer  has  the  heights  marked  on  the  dial, 
so  that  they  can  be  read  directly.  With  the  mercurial  ba- 
rometer, the  heights  must  be  calculated  from  the  reading. 

850.  Atmoaplierlc  Pressure. — The  atmospheric 
pressure  is  everywhere  present,  and  presses  all  objects  in  all 
directions  with  equal  force.  If  a  book  is  laid  upon  the 
table,  the  air  presses  upon  it  in  every  direction  with  an  equal 
average  force  of  14.7  pounds  per  square  inch.  It  would 
seem  as  though  it  would  take  considerable  force  to  raise  a 
book  from  the  table,  since,  if  the  size  of  the  book  were  8 
inches  by  5  inches,  the  pressure  upon  it  is  8  X  5  X  14.7  = 
588  pounds ;  but  there  is  an  equal  pressure  beneath  the  book 
to  counteract  the  pressure  on  the  top.  It  would  now  seem 
as  though  it  would  require  a  great  force  to  open  the  book, 
since  there  are  two  pressures  of  588  pounds  each,  acting  in 
opposite  directions,  and  tending  to  crush  the  book;  so  it 
would  but  for  the  fact  that  there  is  a  layer  of  air  between 
each  leaf  acting  upwards  and  downwards  with  a  pressure  of 
14.7  pounds  per  square  inch.  If  two  metal  plates  be  made 
as  perfectly  smooth  and  flat  as  it  is  possible  to  get  them, 
and  the  edge  of  one  be  laid  upon  the  edge  of  the  other,  so 
that  one  may  be  slid  upon  the  other,  and  thus  exclude  the  air, 
it  will  take  an  immense  force,  compared  with  the  weight  of 
the  plates,  to  separate  them.  This  is  because  the  full  pres- 
sure of  14.7  pounds  per  square  inch  is  then  exerted  upon  each 
plate,  with  no  counteracting  equal  pressure  between  them. 

If  a  piece  of  flat  glass  be  laid  upon  a  flat  surface  that  has 
been  previously  moistened  with  water,  it  will  require  con- 
siderable force  to  separate  them ;  this  is  because  the  water 
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helps  to  fill  up  the  pores  in  the  flat  surface  and  glass,  and 
thus  creates  a  partial  vacuum  between  the  glass  and  the  sur- 
face, thereby  reducing  the  counter  pressure  beneath  the  glass. 

851.  Tension  of  Gases. — In  Fig.  110  the  space 
above  the  column  of  mercury  was  said  to  be  a  vacuum,  and 
that  if  any  gas  or  air  was  present  it  would  expand,  its  ten- 
sion forcing  the  column  of  mercury  downwards.  If  enough 
gas  is  admitted  to  cause  the  mercury  to  stand  at  15  inches, 

14  7 
the  tension  of  the  gas  is  evidently  — —  =  7.35  pounds  per 

square  inch,  since  the  pressure  of  the  outside  air  of  14.7 
pounds  per  square  inch  balances  only  15  inches  instead  of  30 
inches  of  mercury;  that  is,  it  balances  only  half  as  much  as 
it  would  if  there  were  no  gas  in  the  tube;  therefore,  the 
tension  (pressure)  of  the  gas  in  the  tube  is  7.35  pounds. 
If  more  gas  is  admitted,  until  the  top  of  the  mercurial  col- 
umn is  just  level  with  the  mercury  in  the  cup,  the  gas  in 
the  tube  has  then  a  tension  equal  to  the  outside  pressure  of 
the  atmosphere.  Suppose  that  the  bottom  of  the  tube  is 
fitted  with  a  piston,  and  that  the  total  length  of  the  inside 
of  the  tube  is  36  inches.  If  the  piston  be  shoved  upwards 
so  that  the  space  occupied  by  the  gas  is  18  inches  long  in- 
stead of  36  inches,  the  temperature  remaining  the  same  as 
before,  it  will  be  found  that  the  tension  of  the  gas  within 
the  tube  is  29.4  pounds.  It  will  be  noticed  that  the  volume 
occupied  by  the  gas  is  only  half  that  in  the  tube  before  the 
piston  was  moved,  while  the  pressure  is  twice  as  great,  since 
14.7  X  2  =  20.4  pounds.  If  the  piston  be  shoved  up,  so 
that  the  space  occupied  by  the  gas  is  only  9  inches  instead 
of  18  inches,  the  temperature  still  remaining  the  same,  the 
pressure  will  be  found  to  be  58.8  pounds  per  square  inch. 
The  volume  has  again  been  reduced  one-half,  and  the 
pressure  increased  two  times,  since  29.4  X  2  =  58.8  pounds. 
The  volume  now  occupied  by  the  gas  is  9  inches  long, 
whereas,  before  the  piston  was  moved,  it  was  36  inches  long; 
as  the  tube  was  assumed  to  be  of  uniform  diameter  through- 
out its  length,  the  volume  is  now  ^\  =  ^^  of  its  original  volume, 
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and    its    pressure   is  rTty=^  times  its  original  pressure. 

Moreover,  if  the  temperature  of  the  confined  gas  remains 
the  same,  the  pressure  and  volume  will  always  vary  in  a 
similar  way.  The  law  which  states  these  effects  is  called 
Mariotte's  law. 

852.  Mariotte'»  Caiv. — The  temperature  remaining 
the  5anu\  the  volume  of  a  given  quantity  of  gas  varies  in- 
versely as  the  pressure. 

The  meaning  of  this  is:  If  the  volume  of  the  gas  is  dimin- 
ished to  ^,  ^,  ^,  etc.,  of  its  former  volume,  the  tension  will 
be  increased  2^3,  5,  etc.,  times,  or,  if  the  outside  pressure 
be  increased  2,  3,  5,  etc.,  times,  the  volume  of  the  gas  will  be 
diminished  to  ^^,  J, -J^,  etc.,  of  its  original  volume,  the  tem- 
perature remaining  constant.  It  also  means  that  if  a  gas 
is  under  a  certaii'*  pressure,  and  the  pressure  is  diminished 
to  i>  i>  !*()»  ^tc,  of  its  original  pressure,  that  the  volume  of 
the  confined  gas  will  be  increased  2,  4,  10,  etc.,  times — its 
tension  decreasing  at  the  same  rate. 

Suppose  3  cubic  feet  of  air  to  be  under  a  pressure  of  60 
pounds  per  square  inch  in  a  cylinder  fitted  with  a  movable 
piston;  then  the  product  of  the  volume  and  pressure  is  3  X 
60  =  180.  Let  the  volume  be  increased  to  6  cubic  feet,  then 
the  pressure  will  be  30  pounds  per  square  inch,  and  30  X 
6  =  180  as  before.  Let  the  volume  be  increased  to  24  cubic 
feet,  it  is  then  Y^  =  8  times  its  original  volume,  and  the 
pressure  is  \  of  its  original  pressure,  or  60  X  i  =  7^  pounds, 
and  24  X  7J  =  180,  as  in  the  two  preceding  cases.  It  will 
now  be  noticed  that  if  a  gas  be  enclosed  within  a  confined 
space,  and  allowed  to  expand  without  losing  any  heat,  the 
product  of  the  pressure  and  the  corresponding  volume  for 
one  position  of  the  piston  is  the  same  as  for  any  other  position 
of  the  piston.  If  the  piston  was  to  compress  the  air,  the 
rule  would  still  hold  good. 

Let/  =  pressure  for  one  position  of  the  piston; 

p^  z=z  pressure  for  any  other  position  of  the  piston; 
V  =  volume  corresponding  to  the  pressure/; 
v^  =  volume  corresponding  to  the  pressure /j. 
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Then, 

pv  =  p^i\- 

(6.) 

also, 

(7.) 

and 

'      A' 

(8.) 

Knowing  the  volume  and  the  pressure  for  any  position  of 
the  piston  and  the  volume  for  any  other  position,  the  pres- 
sure may  be  calculated  by  formula  7,  or  if  the  pressure  is 
known  for  any  other  position,  the  volume  maybe  calculated 
by  formula  8. 

Example. — If  1.875  cubic  feet  of  air  be  under  a  pressure  of 
72  pounds  per  square  inch,  {a)  what  will  be  the  pressure  when  the 
volume  is  increased  to  2  cubic  feet  ?  {b)  to  8  cubic  feet  ?  (r)  to  9  cubic 
feet  ? 

o                      /  X  ^       P'^       72x1.875       ar-y  .  .     . 

Solution. — {cC)  fix  ='^-  = 5 =  67^  pounds  per  square  inch. 

Ans. 
{b)  pi  = 5-^ =  45  pounds  per  square  inch.     Ans. 

(c)  px  = Q-^ =  15  pounds  per  square  inch.     Ans. 

Example. — If  10  cubic  feet  of  air  have  a  tension  of  5.6  pounds  per 
square  inch,  (a)  what  is  the  volume  when  the  tension  is  4  pounds  ? 
(b)  8  pounds  ?    (c)  25  pounds  ?    (//)  100  pounds  ? 

Solution. — (a)  Vi  =^r-  =  - — a =  14  cubic  feet.     Ans. 

pi  4 

(b)  Vi  =  '-^—7z =  7  cubic  feet.     Ans. 

o 

{c)  Vx  =  —  =  2.24  cubic  feet.     Ans. 

{d)vx  =    \i^ —  =  .56  cubic  foot.     Ans. 

As  a  necessary  consequence  of  Mariotte's  law,  it  may  be 
stated  \}ci2X  the  density  of  a  gas  varies  directly  as  the  pressure 
and  inversely  as  the  volume;  that  is,  the  density  increases  as 
the  pressure  increases ^  and  decreases  as  the  volume  increases. 

This  is  evident,  since  if  a  gas  has  a  tension  of  two  atmos- 
pheres, or  14.7  X  2=  29.4  pounds  per  square  inch,  it  will 
weigh  twice   as   much   as   the  same  volume  would  if  the 
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tension  was  one  atmosphere,  or  14. 7  pounds  per  square  inch. 
For,  let  the  volume  be  increased  until  it  is  twice  as  great  as 
the  original  volume,  the  tension  will  then  be  one  atmosphere. 
The  total  weight  of  the  gas  has  not  been  changed,  but  there 
are  now  2  cubic  feet  for  every  1  cubic  foot  of  the  original 
volume,  and  the  weight  of  one  cubic  foot  now  is  only  half  as 
great  as  before.  Thus,  the  density  decreases  as  the  volume 
increases,  and  as  an  increase  of  pressure  causes  a  decrease 
of  volume,  the  density  increases  as  the  pressure  increases. 

Let  D  be  the  density  corresponding  to  the  pressure  /  and 
volume  7',  and  D^  be  the  density  corresponding  to  the  pres- 
sure p^  and  volume  7', ;  then, 

/  :  D  ::/,  :  I\,  or//;,  =AA  (9.) 

and        V  :  D^w  7\  :  />,    or  v D  =  7\D^.  (lO.) 

Since  the  weight  is  proportional  to  the  density,  the  weights 

may  be  used  in  place  of  the  densities  in  formulas  9  and  lO. 

Thus,  let  ^Fbe  the  weight  of  a  quantity  of  air  or  other  gas 

whose  volume  is  z'  and  pressure  is/;  let  IV^  be  the  weight  of 

the  same  quantity  when  the  volume  is  z\  and  pressure  is  /^ ; 

then, 

/  :    JF::A  :    IF,,  or/Ji^,  =/,  IF,  (11.) 

7'  :    n\::  z\  :   W,  or  vW=vJi\.         (12.) 

Example. — The  weight  of  1  cubic  foot  of  air  at  a  temperature  of 
60°  F.  and  under  a  pressure  of  1  atmosphere  (14.7  pounds  per  square 
inch)  is  .0763  pound;  what  would  be  the  weight  per  cubic  foot  if  the 
volume  was  compressed  until  the  tension  was  5  atmospheres,  the  tem- 
perature still  being  60  ? 

Solution. — Using  formula  11, 

/  :  W  ::  /,   :  IV, ,  or  1  :  .0763  ::  5  :  IV, ,  or  IV,  =  .3815  lb.     Ans. 

Example. — If  in  the  last  example  the  air  had  expanded  until  the 
tension  was  5  pounds  per  square  inch,  what  would  have  been  its  weight 
per  cubic  foot  ? 

Solution. — Here/  =  14.7,  /,  =  5,  and  11'=  .0763.  Hence,  using  the 
same  formula,  14.7  :  .0763  ::  5  :  /^i ,  or  JTi  -  .02595  lb.     Ans. 

Example. — If  6.75  cubic  feet  of  air  at  a  temperature  of  60**  F.,  and  a 
pressure  of  one  atmosphere,  are  compressed  to  2.25  cubic  feet  (the 
temperature  still  remaining  60'  F.),  what  is  the  weight  of  a  cubic 
foot  of  the  compressed  air  ? 
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Solution. — Using  formula  12, 

V  :  IVx  ::  v^  :  ^.  or  6.75  :  W^  ::  2.25  :  .0763, 

...       .0768X6.75       ooqo  ik       a 

or  Wi  = s--r= =  .2289  lb.     Ans. 

a.zo 

853.     Relation  of  Temperature  to  Volume. — In  all 

that  has  been  said  before,  it  has  been  stated  that  the  tem- 
perature was  constant ;  the  reason  for  this  will  now  be  ex- 
plained: Suppose  5  cubic  feet  of  air  to  be  confined  in  a 
cylinder  whose  area  is  10  square  inches,  placed  in  a  vacuum 
so  that  there  will  be  no  pressure  due  to  the  atmosphere, 
and  the  cylinder  be  fitted  with  a  piston  weighing,  say,  100 
pounds.  The  tension  of  the  gas  will  be  \y-  =  10  pounds 
per  square  inch.  Suppose  that  the  temperature  of  the  air  is 
32°  F.,  and  that  it  is  heated  until  the  temperature  is  33°  F., 
or  the  temperature  is  increased  1°;  it  will  be  found  that  the 
piston  has  risen  a  certain  amount,  and,  consequently,  the 
volume  has  increased,  while  the  pressure  is  the  same  as  be- 
fore, or  10  pounds  pe^  square  inch.  If  more  heat  is  ap- 
plied until  the  temperature  of  the  gas  is  34°  F.,  it  will  be 
found  that  the  piston  has  again  risen  and  the  volume  again 
increased,  while  the  pressure  still  remains  the  same.  It 
will  be  found  that  for  every  increase  of  temperature,  there 
will  be  a  corresponding  increase  of  volume.  The  law  which 
expresses  this  change  is  called  Gay-Liissac's  law, 

854*  Gay-Lussac's  La^w. — If  the  pressure  remains 
constant^  every  increase  of  teniperahire  of  i°  F.  produces  iji 
a  given  quajitity  of  gas  an  expansion  ofjlj  of  its  vobime  at 
32°  F. 

If  the  pressure  remains  constant,  it  will  also  be  found  that 
every  decrease  of  temperature  of  1°  F.  will  cause  a  decrease 
of  -,-J-i-  of  the  volume  at  32°  F. 

Let  V  =  volume  of  gas  before  heating ; 
v^  =  volume  of  gas  after  heating; 
/    =  temperature  corresponding  to  volume  ?/; 
/j  =  temperature  corresponding  to  volume  7\. 


'^^^"'  ''  =  "{^Tt)-        (*3-) 
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That  is,  the  volume  of  gas  after  heating  {or  eooiing)  equals 
the  original  volume  multiplied  by  459  plus  the  final  tempera- 
ture^  divided  by  Ji59  plus  the  original  temperature. 

Example. — When  5  cubic  feet  of  air  at  a  temperature  of  45"*  are 
heated  under  constant  pressure  up  to  177**,  what  is  its  new  volume  ? 

Solution. — Applying  formula  13, 


Vx  =  V 


/459  +  /,\       ^       /636\       ^  ^^ 

(459T7)  =  5  X  (504)  =  «■*»  •="•  "• 


Suppose  that  a  certain  volume  of  gas  is  confined  in  a  ves- 
sel so  that  it  can  not  expand;  in  other  words,  suppose  that 
the  piston  of  the  cylinder  before  mentioned  to  be  fastened 
so  that  it  can  not  move.  Let  a  gauge  be  placed  on  the  cyl- 
inder so  that  the  tension  of  the  confined  gas  can  be  regis- 
tered. If  the  gas  is  heated,  it  will  be  found  that  for  every 
increase  of  temperature  of  1°  F.  there  will  be  a  correspond- 
ing increase  of  ^-J-j-  of  the  tension  at  32°  F. ;  that  is,  the 
volume  remaining  constant,  the  tension  increases  ^  of  the 
tension  at  32°  F.  for  every  degree  rise  of  temperature. 

Let  /  =  the  original  tension ; 

/  =  the  corresponding  temperature ; 
/,  =  any  higher  temperature; 
/,  =  corresponding  tension. 


"T^-'         A=/(g|i4).  (14.) 


That  is,  if  a  certain  quantity  of  gas  is  heated  from  /°  to 
/j°,  the  volume  remaining  constant^  the  resulting  tension  p^ 
will  be  equal  to  the  original  tension  multiplied  by  450  plus  the 
final  temperature^  divided  by  Jf59  plus  the  original  temper- 
ature. 

Example. — If  a  certain  quantity  of  air  is  heated  under  constant  vol- 
ume from  45"  to  177°,  what  is  the  resulting  tension,  the  original  tension 
being  14.7  pounds  per  square  inch  ? 

Solution. — Using  formula  14, 

855.  Absolute  Zero. — According  to  the  modern  and 
now   generally   accepted    theory   of   heat,    the  atoms   and 
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• 
molecules  of  all  bodies  are  in  an  incessant  state  of  vibration. 
The  vibratory  movement  in  the  liquids  is  faster  than  in  the 
solids ;  it  is  faster  in  the  gases  than  in  either  of  the  others. 
Any  increase  of  heat  increases  the  vibrations,  and  a  decrease 
of  heat  decreases  them.  From  experiments  and  calculations 
based  upon  higher  mathematics,  it  has  been  concluded  that 
at  459°  below  zero  on  the  Fahrenheit  scale,  or  at  273°  below 
zero  on  the  Centigrade  scale,  all  these  vibrations  cease. 
This  point  is  called  the  absolute  zero^  and  all  temperatures 
reckoned  from  this  point  are  called  t\i^  absolute  temperatures. 
The  point  of  absolute  zero  has  never  been  reached  nor 
closely  approached,  the  lowest  recorded  temperature  being 
360°  F.  below  zero,  but,  nevertheless,  it  has  a  meaning, 
and  is  used  in  many  formulas,  being  nearly  always  denoted 
by  T.  The  ordinary  temperatures  are  denoted  by  /.  When 
the  word  temperature  alone  is  used,  the  meaning  is  the 
same  as  ordinarily  used,  but  when  absolute  temperature  is 
specified,  459°  F.  must  be  added  to  the  temperature.  The 
absolute  temperature  corresponding  to  212°  F.  is  459°  -|- 
212°  =  671°  F.  If  the  absolute  temperature  is  given,  the 
ordinary  temperature  may  be  found  by  subtracting  459° 
from  the  absolute  temperature.  Thus,  the  absolute  temper- 
ature being  520°  F.,  what  is  the  temperature  ? 

520°  -  459°  =  01°  F. 

Let  P=-  pressure  per  square  inch; 

V  =^  volume  of  air  in  cubic  feet; 

7^=  absolute  temperature ; 

jr=  weight. 

rru                       n      .37052  Jrr  , .  ^  . 

Then,  P  = p ;  (15.) 

,.      .37052  IF r  ,,^, 

/= -p :  (16.) 

PV 
"".37052  ^F'  ^^^•-' 

PV 
^^^  .37052  T-  ^^^-^ 
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Example. — If  40  cubic  feet  of  air  weigh  3.5  pounds,  and  have  a 
temperature  of  82",  what  is  the  pressure  (tension)  in  pounds  per  square 

inch? 

„      .37052  H'T      .87052X3.5X541        ^^..oAit- 
SoLUTioN.—    P  = Tr = ^^^77^ — — =  17.539  lb.  per 

sq.  in.     Ans. 

Example. — What  is  the  volume  in  cubic  feet  of  a  certain  quantity 
of  air  having  a  tension  of  17.539  pounds  per  square  inch,  a  temperature 
of  80",  and  which  w^eighs  3.5  pounds  ? 

,,      .87052  W'"  7^      .37052X8.5X541        ,,,        ,      ^ 
Solution. —     \  — -p = i7~v^q =  40cu.  ft.  Ans. 

Example. — If  40  cubic  feet  of  air  having  a  tension  of  17.539  pounds 
per  square  inch  weigh  3.5  pounds,  what  is  the  temperature  ? 

_  ^  PV  17.539x40       ^.,,  ,         „ 

Solution.-     1  =  -^^^  =    3.^,^  x  3.5  =  ^^  -  "^^"^y-     ^^^"^^' 

541«_459'  =  82'.     Ans. 

Example. — If  40  cubic  feet  of  air  have  a  tension  of  17.539  pounds 
per  square  inch,  and  a  temperature  of  82'',  {a)  what  is  its  weight  ? 
(^)  what  is  its  weight  per  cubic  foot  ? 

e  / \  Mr  ^^  17.539X40       ^_^      . 

SoLUTiON.-(^)  IV  =  -3^jj^3^  =  :370523r5ri  =  ^"^  ^^-    ^'^^• 

(d)  3.5  -H  40  =  .0875  lb.  per  cu.  ft.     Ans. 

856.  Mixing  of  Gases. — If  two  liquids  which  do  not 
act  chemically  upon  each  other  are  mixed  together  and 
allowed  to  stand,  it  will  be  found  that  after  a  time  the  two 
liquids  have  separated,  and  the  heavier  has  fallen  to  the 
bottom.  If  two  equal  vessels  containing  gases  of  different 
densities  be  put  in  communication  with  each  other,  they 
will  be  found  to  have  mixed  in  equal  proportions  after  dt 
short  time.  If  one  vessel  be  above  the  other,  and  the 
heavier  gas  be  in  the  lower  vessel,  the  same  result  will  occur. 
The  greater  the  difference  of  the  densities  of  the  two  gases, 
the  quicker  they  will  mix.  It  is  assumed  that  no  chemical 
action  takes  place  between  the  two  gases.  When  the  two 
gases  have  the  same  temperature  and  pressure,  the  pressure 
of  the  mixture  will  be  the  same ;  this  is  evident,  since  the 
total  volume  has  not  been  changed,  and  unless  the  volume 
or  temperature  changes,  the  pressure  can  not  change.  This 
property  of  the  mixing  of  gases  is  a  very  valuable  one,  since, 
if  they  acted  like  liquids,  carbonic  acid  gas  (the  result  of 
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combustion),  which  is  1^  times  as  heavy  as  air,  would  remain 
next  to  the  earth,  instead  of  .dispersing  into  the  atmosphere, 
the  result  being  that  no  animal  life  could  exist. 

Mixtures  of  Equal  Volumes  of  Gases  Having  Un- 
equal Pressures. — If  Hvo  gases  having  the  saine  %>olume 
and  temperature^  but  different  pressures^  be  mixed  in  a  vessel 
whose  volume  equals  ofie  of  the  equal  volumes  of  the  gas^  the 
pressure  of  the  mixture  will  be  equal  to  the  sum  of  the  two 
pressures^  provided  that  the  temperature  remains  the  same  as 
before. 

Example. — Two  vessels  containing  3  cubic  feet  of  gas,  each  at  a 
temperature  of  60°,  and  at  a  pressure  of  40  pounds  and  25  pounds  per 
square  inch,  respectively,  are  placed  in  communication  with  each  other, 
and  all  the  gas  is  compressed  into  one  vessel.  If  the  temperature  of 
the  mixture  is  also  60\  what  is  the  pressure  ? 

Solution. — According  to  the  law  just  given,  the  pressure  will  be 
40  +  25  =  G5  lb.  per  sq.  in. 

857.  Mixture  of  T'wo  Gases  Having  Unequal 
Volumes  and  Pressures. — 

Let  V  and  p  be  the  volume  and  pressure  of  one  of  the  gases. 

Let  v^  and  /,  be  the  volume  and  pressure  of  the  other  gas. 

'"Let  V  and  Pbe  the  volume  and  pressure  of  the  mixture. 

Then,  if  the  temperature  remains  the  same, 

p^pjLyv^.     (19.) 

V^P1±^.  (20.) 

Example. — Two  gases  of  the  same  temperature,  having  volumes  of 
7  cubic  feet  and  4^  cubic  feet,  and  tensions  of  25  pounds  and  18  pounds 
per  square  inch,  respectively,  are  mixed  together  in  a  vessel  whose 
volume  is  10  cubic  feet.  The  temperature  remaining  the  same,  what 
is  the  resulting  pressure  ? 

SOI.UTION.-  P  =  ^" y ■  "■  ^  (J!LX!I+ gg 2^4^.)^  a^  =2.5.61b. 
per  sq.  in.     Ans. 

Example. — What  must  be  the  volume  of  a  vessel  which  will  hold 
two  gases  whose  volumes  are  7  cubic  feet  and  4^  cubic  feet,  and  whose 
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.tensions  are  25  p>ounds  and  18  pounds  per  square  inch,  respectively,  in 
order  that  the  pressure  may  be  25.6  pounds  per  square  inch,  the  tem- 
perature remaining  the  same  throughout  ? 

o                           ir     pv-^pxV^       (25x7)-|-(18x4A)       ,^         .^       . 
Solution.—     V  =- jf^ — -  —   -^^^vA-^^^^  =  10  cu.  ft.    Ans. 


GA8B8  COMMON  TO  MINES. 

858«  The  gases  met  with  in  mines  are  comparatively 
few  in  number,  but  a  thorough  knowledge  of  their  properties 
and  the  manner  of  their  detection  is  most  important.  The 
following  are  the  gases  most  commonly  occurring  in  mines, 
considered  in  the  order  of  their  importance,  as  dangerous  to 
life  and  health. 

Marsh-teas  (carbureted  hydrogen)  {CH^.  Sp.  Gr., 
0.550. 

Marsb-s^as  (mixed  with  air) — Firedamp  (Saturated). 
Sp.  Gr.,  O.OG, 

Carbonic  oxide  gas  (CO) — \%^blte  damp.  Sp.  Gr., 
0.9()7. 

Carbonic  acid  gas  {CO^ — Blacic  damp.  Sp.  Gr., 
1.5291. 

Carbonic  acid  gas.. .  -{CO^ 
Carbonic  oxide  gas.  ..{CO) 
Nitrons  oxide  gas. .  .  (^V,  O) 

Nitrogen  {free) (iV) 

Hydrogen  {free) {H) 

Watery  vapor {H^O) 

m 

Sulpbureted    bydrogen  {H^S) — Stinic   damp.     Sp. 

Gr.,  1.1912. 

Etbene»  or  oleHant  sas  {C^H^).     Sp.  Gr.,  0.973. 

The  two  latter  gases  are  rarely  found  in  mines,  and  when 
present  are  only  in  limited  volumes. 


After-damp. 

(Composition  very  variable.) 


859.     Marab-gas  {CH^). — This  is  the  most  disastrous, 
in  its  effects,  of  any  of  the  gases  known  to  mining. 

{a)     Occurrence. — Pure    marsh-gas    {CH^)^     Sp.     Gr., 
0.559,  exists,  or  has  existed^  as  an  occluded  gas,  to  a  greater 
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or  less  extent,  in  all  coal  formations,  and  is  a  product  of 
the  early  metamorphism  of  vegetable  matter  under  the 
water  and  superimposed  strata,  by  which  ail  air  was  excluded. 
Marsh-gas  is  often  seen  rising  in  bubbles  from  the  bottom 
of  stagnant  p)ools;  it  is  always  the  product  of  the  decompo- 
sition of  vegetable  matter,  away  from  air,  and  in  the 
presence  of  water.  When  such  decomposition  of  vegetable 
matter  occurs  in  a  dry  place,  away  from  air,  ethene,  or  ole- 
fiant  gas  {C^H^)^  which  is  richer  in  carbon  than  marsh-gas^ 
is  formed. 

Marsh-gas  transpires  from  the  pores,  foliations,  and 
crevices  of  a  freshly  exposed  face  of  a  gaseous  coal-seam. 
It  may  also  issue  from  the  floor  or  roof  of  the  seam,  as 
stratigraphical  or  other  conditions  may  have  rendered  these 
adjacent  strata  more  pervious  to  the  gas  than  the  coal-seam 
itself.  It  may  transpire  from  the  entire  face,  or  may  issue 
in  a  stronger  flow  from  a  crevice  or  feeder.  It  may  even 
find  vent  as  a  blcnver  of  gas,  under  great  pressure.  Natural 
marsh-gas  never  occurs  in  a  pure  state,  but  is  always  mixed 
with  other  gases.  The  mode  of  occurrence  of  these  gases 
will  be  further  explained  in  the  study  of  Diffusion^  Ocelusion, 
and  Transpiration. 

{b)  Properties. — Marsh-gas  is  a  combustible  gas,  burn- 
ing with  a  bluish  flame,  but  it  will  not  support  combustion. 
It  is  slightly  more  than  one-half  as  heavy  as  air  of  the  same 
temperature  and  pressure.  Upon  first  transpiring  from  the 
face,  or  issuing  from  the  fissures  of  a  formation,  the  gas 
diffuses  rapidly  in  the  air,  until  its  limit  of  diffusion  is 
reached  in  a  confined  space,  as  in  the  still  air  of  a  mine. 

Marsh-gas  is  the  lightest  of  the  hydrocarbons,  a  molecule 
of  marsh-gas  consisting  of  one  atom  of  carbon  united  to  four 
atoms  of  hydrogen.  It  is  an  odorless,  colorless,  and  taste- 
less gas.  It  does  not  poison  the  animal  system ;  a  person 
may  breathe  with  impunity  air  containing  a  large  percentage 
of  the  gas  for  a  considerable  time. 

One  of  the  most  important  properties  of  marsh-gas,  to  the 
miner,  is  that  which  it  possesses  of  not  igniting  immediately 
upon  contact  with  flame.     Ignition  of  the  gas  takes  place 
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only  after  the  lapse  of  an  appreciable  period  of  time,  which, 
although  but  a  fraction  of  a  second,  is  sufficient  to  render 
the  use  of  many  detonating  explosives  safe  in  presence  of 
firedamp,  the  detonation  in  this  class  of  explosives  being 
instantaneously  followed  by  a  period  of  extreme  cold. 

(r)  Detection  of  Martsli-Gas. — On  account  of  the 
rapid  diff  usibility  of  marsh-gas  (Table  19),  its  detection  in 
the  mine  is  practically  the  detection  of  firedamp.  (See 
Detection  of  Firedamp.) 

800.  Firedamp. — Any  explosive  mixture  of  marsh-gas 
and  air  is  termed  firedamp. 

{a)  Occurrence. — On  account  of  the  high  diffusive 
power  of  marsh-gas,  firedavip  is  formed  very  rapidly  wher- 
ever marsh-gas  issues  from  the  coal  or  strata.  This  diffu- 
sion takes  place  upon  the  outer  envelope  of  the  gas  in 
contact  with  the  air.  A  considerable  body  of  the  gas,  owing 
to  its  lighter  weight  and  warmer  temperature,  ascends  and 
flows  along  the  roof,  collecting  in  cavities  and  convenient 
places  for  lodgment.  The  specific  gravity  of  this  diffusing 
gas  approaches  that  of  air,  and  its  subsequent  diffusion  is 
slow.  For  this  reason,  we  look  for  firedamp  in  the  cavities 
of  the  roof  and  the  higher  working-places  of  the  mine. 

(b)  Properties. — The  explosive  limits  of  firedamp  mix- 
tures can  not  be  closely  defined,  as  such  conditions  as  the 
purity  of  the  marsh-gas,  and  the  pressure  to  which  the  fire- 
damp is  subjected,  vary  the  explosive  points  slightly. 
However,  under  ordinary  conditions,  when  1  part  of 
marsh-gas  mixes  with  5^  parts  of  air,  the  combination  is  at 
its  lowest  explosive  limit.  As  the  proportion  of  air  is 
increased,  the  explosive  violence  grows  steadily  greater  till 
it  reaches  a  maximum,  when  the  mixture  is  in  the  propor- 
tion of  9^  parts  of  air  to  1  of  gas.  From  this  point,  as 
the  proportion  of  air  is  increased,  the  explosive  violence 
grows  more  and  more  feeble  till  the  mixture  consists 
of  13  parts  of  air  to  1  of  gas,  when  explosion  ceases 
altogether. 
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The  percentage  of  marsh-gas  in  an  atmosphere  of  fire- 
damp,  when  at  its  lowest  explosive  limit,  is  calculated  thus  : 

Relative  volume  of  gas,  1 

Relative  volume  of  air,  5.5 


Relative  volume  of  mixture,     6.5 

and  — -— —  =  15.38  per  cent,  of  marsh-gas. 
b.  0 

In  like  manner,  for  the  higher  explosive  limit,  we  have 

Relative  volume  of  gas,  1 

Relative  volume  of  air,  13 

Relative  volume  of  mixture,  14 

and  — — —  =  7.14  per  cent,  of  marsh-gas. 

The  presence  in  marsh-gas  of  ^  of  its  volume  of  carbonic 
acid  gas  will  render  it  inexplosive. 

The  effect  of  an  increase  of  pressure  upon  the  explosive 
range  of  gas  is  to  extend  it.  A  mixture  of  marsh-gas  and 
air  that  is  below  or  above  the  explosive  limits,  is  often  ren- 
dered explosive  by  an  increase  of  pressure.  This  may  often 
occur  in  proximity  to  a  blast  when  the  air  of  the  workings 
would  otherwise  be  safe. 

The  effect  of  suspended  coal-dust  in  the  air  is  to  widen 
the  explosive  range.  This  is  probably  due  to  the  increase 
of  temperature  incident  to  the  burning  of  the  gases  distilled 
from  the  dust. 

{c)  Detection  of  Firedamp. — The  detection  of  this 
gas  in  the  mine  is  to  be  entrusted  to  the  most  experienced 
men  only,  for  it  is  fraught  with  danger  to  all  in  the  mine. 
Many  devices  have  been  invented  for  the  purpose  of  detect- 
ing the  presence  of  gas,  as  well  as  to  determine  at  the  same 
time  the  approximate  percentage  of  the  mixture  of  gas  and 
air.  Any  machine  to  be  of  practical  value  in  this  line, 
must  be  capable  of  making  the  test  promptly  and  safely  at 
the  point  of  danger,  and  of  revealing  the  presence  of  ^  per 
cent,  of  gas. 

We   shall   refer  more  particularly   to  the  means  at   our 
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disposal  for  detecting  firedamp  later,  and  shall  describe  the 
various  forms  of  lamps  in  common  use.  We  will  state  here, 
that,  at  the  present  time,  no  machine  or  device  for  testing 
has  given  satisfaction  equal  to  the  safety-lamp,  which  is 
prompt  and  always  at  hand.  The  lamp  is  elevated  cau- 
tiously to  the  place  where  gas  is  suspected,  care  being  taken 
to  keep  the  lamp  in  an  upright  position,  that  its  flame  may 
not  approach  the  gauze  of  the  lamp.  If  gas  is  present,  it 
will  enter  the  lamp  with  the  air,  and  will  burn  when  pres- 
ent in  large  quantities,  filling  the  whole  lamp  with  flame. 
If  the  percentage  of  gas  in  the  air  is  small,  however,  say 
two  per  cent.,  its  presence  is  manifested  only  by  a  small 
blue  tip  to  the  flame  of  the  lamp,  which  may  be  seen  more 
distinctly  by  screening  the  eyes  from  the  brighter  portion  of 
the  flame  with  the  hand. 

An  experienced  and  careful  observer  will  detect,  with  the 
ordinary  lamp,  a  percentage  of  the  gas  as  low  as  2  per  cent. 
It  is,  however,  often  desirable  to  detect  the  presence  of 
smaller  quantities  than  this  in  the  air  of  dusty  mines,  where 
the  coal-dust  is  highly  inflammable.  For  this  purpose, 
specially  constructed  lamps  are  used.  In  the  use  of  the 
lamp  for  the  detection  of  presence  of  gas,  care  must  be 
taken  to  make  no  quick  movement;  especially  is  this  need- 
ful in  case  of  flaming  in  the  lamp.  The  lamp  must  be  im- 
mediately removed  from  the  gas,  but  not  so  quickly  as  to 
blow  the  flame  through  the  gauze.  This  requires  much  self- 
possession  on  the  part  of  the  observer. 

861.  ^WWte  Damp  (CO).— The  **  white  damp  "  of  the 
mines  is  carbonic  oxide  gas.  It  is  a  dangerous  gas,  because 
of  its  harmful  effects  and  its  unsuspected  presence. 

(a)  Occurrence. — Carbonic  oxide  gas  is  a  product  of  the 
incomplete  combustion  of  carbonaceous  fuel,  the  supply  of 
air  being  limited.  Thus,  it  is  produced  largely  by  the  slow 
combustion  of  coal  in  the  gob,  by  mine  fires,  and  by  the 
explosion  of  powder. 

{b)     Properties. — This  gas  is  a  colorless,  odorless,  and 
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tasteless  gas.  It  is  somewhat  lighter  than  air  at  the  same 
temperature  and  pressure.  It  burns  with  a  pale,  violet 
flame,  like  that  which  may  be  seen  at  any  time  over  a  freshly 
fed  anthracite  fire.  It  is  very  poisonous  to  the  system 
when  inhaled,  being  rapidly  absorbed  by  the  blood,  and  it 
acts  as  a  narcotic,  producing  drowsiness  or  stupor,  followed 
by  acute  pains  in  the  head,  back,  and  limbs,  and  afterwards 
by  delirium.  If  the  victim  of  this  gas  is  not  rescued  soon, 
death  will  inevitably  result. 

Carbonic  oxide  gas  has  the  widest  explosive  range  of  any 
gas  except  hydrogen.  When  1  volume  of  the  gas  is  mixed 
with  about  C.7  volumes  of  air,  the  lowest  explosive  mixture 
is  obtained.  From  this  point  it  continues  to  be  explosive 
until  the  proportion  of  gas  is  increased  to  the  extent  of  1 
volume  of  gas  to  every  1. 6  volumes  of  air.  It  is  this  property 
of  carbonic  oxide  gas  which  makes  it  such  an  active  agent 
in  the  transmission  of  the  flame  of  a  mine  explosion  from 
one  point  in  the  mine  workings  to  another  seemingly 
isolated  point.  Under  ordinary  conditions,  however,  this 
gas  is  not  present  in  sufficient  quantity  to  yield  an  explosive 
mixture. 

{c)  Uoynr  Detected. — Carbonic  oxide  gas  may  be  de- 
tected in  the  mine  workings  by  its  effect  upon  the  flame  of 
an  ordinary  lamp.  The  flame  is  much  brighter  and  reaches 
upwards,  and  it  is  thus  lengthened  out  into  a  more  or  less 
slim,  quivering  taper  with  a  bluish  tip,  which  may  be  seen 
more  clearly  by  screening  the  eyes  from  the  brighter  portion 
of  the  flame  with  the  hand. 

862.  Black  Damp  (CO^).— The  **  black  damp  ''  of  the 
mines,  or,  as  it  is  often  called,  **  choke-damp,"  is  carbonic 
acid  gas.  It  is  not  as  dangerous  as  either  of  the  preceding 
gases,  because  its  presence  in  the  mine  workings  is  at  once 
manifested  by  the  dimness  of  the  lamps. 

(a)  Occurrence. — This  gas  is  always  a  product  of  com- 
bustion in  the  presence  of  a  plentiful  supply  of  air.  It  is 
produced  by  the  burning  of  lamps,  breathing  of  men  and 
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animals,  decomposition  and  decay,  and  is  a  later  product  of 
all  explosions  of  powder  and  gas.  The  principal  source, 
however,  is  water  from  the  coal  and  strata  which  hold 
it  in  solution,  and  from  which  it  escapes  as  the  water 
evaporates. 

(6)  Properties. — This  is  a  colorless  and  odorless  gas, 
but  it  possesses  a  distinctly  sharp  taste  in  the  mouth  when 
breathed.  It  is  one-half  again  as  heavy  as  air  at  the  same 
temperature  and  pressure,  and,  therefore,  collects  near  the 
floor  and  in  the  low  places  in  the  mine.  It  is  incom- 
bustible, and,  when  present  in  the  air  to  any  considerable 
extent,  extinguishes  lamps.  It  acts  as  a  narcotic,  and  pro- 
duces, after  a  time,  headache  and  nausea,  causing  death  by 
suffocation. 

(c)  How  Detected. — The  presence  of  carbonic  acid  gas 
is  readily  detected  by  the  flame  of  a  lamp  becoming  reduced 
in  size,  and,  when  more  gas  is  present,  by  its  extinguish- 
ment; by  lime-water,  which,  when  exposed  to  the  gas, 
becomes  milky  in  appearance;  and  by  damp,  blue  litmus 
paper,  which  becomes  red  when  exposed  in  an  atmosphere 
containing  carbonic  acid  gas.  The  flame  becomes  reduced 
in  size,  and,  when  more  gas  is  present,  is  extinguished  alto- 
gether. Being  heavier  than  air,  it  must  be  sought  for  at 
the  floor  of  the  entries  and  in  the  low  parts  of  the  mine. 

863*     (a)  Traces   of  Sulpliureted  Hydrogen  Gas 

(//,5). — This  gas,  though  not  commonly  occurring  in 
troublesome  quantities,  is  yet  a  very  dangerous  gas  to 
meet.  It  is  heavier  than  air,  having  a  specific  gravity  of 
1.1912.  It  is  violently  explosive  when  mixed  with  air  of 
about  seven  times  its  volume.  The  gas  is  very  poisonous 
when  inhaled.  In  small  quantities  in  the  air,  it  produces 
derangement  of  the  system ;  when  inhaled  in  larger  quan- 
tities, it  rapidly  produces  unconsciousness  and  prostration. 
The  smell  of  the  gas  affords  the  best  index  of  its  presence, 
which  has  given  rise  to  its  being  termed  ^^ stink  damp**  by 
the  miners,  for  it  smells  like  rotten  eggs. 
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(^)  Ethene,  or  Oleflant  Gaa  (C,  //J. — This  gas  occurs 
in  varying  amounts  as  a  constituent  of  marsh-gas.  It  is 
this  gas  which  causes  the  flame  of  marsh-gas  to  burn  with 
some  luminosity.  It  is  a  product  of  the  dry  decomposition 
of  vegetable  matter  and  the  distillation  of  coal. 


OTHBR  PROPBRTIB8  OF  GASES. 

864.  Diffusion. — /i// fluids  which  do  not  act  chemi- 
cally on  each  other,  especially  air  and  gases  of  different 
densities,  when  in  proximity,  tend  to  diffuse  into  each 
other;  that  is  to  say,  their  molecules  pass  freely  among  each 
other,  and  tend  to  form  a  complete  intermixing  of  the  two 
gases.  This  property  is  called  diffusion^  and  is  caused  by 
the  lack  of  equilibrium  between  the  molecular  vibrations  of 
the  two  masses ;  so  that  the  molecules  of  the  two  masses 
tend  to  thoroughly  intermingle.     (See  Art.  856.) 

865.  Rate  of  Diffusion. — The  diffusion  of  gases 
takes  place  much  more  rapidly  in  a  moving  current  than  in 
still  air.  The  relative  rates  or  velocities  of  the  diffusion  of 
the  gases  into  each  other  are  in  the  inverse  ratio  of  the  square 
roots  of  their  densities.  For  example,  taking  the  density 
of  air  as  1,  then  the  density  of  hydrogen  gas,  by  Table  19, 
is  .0G93,  and  the  square  root  of  .0693  by  the  table  is  .2632; 
therefore,  the  relative  velocity  of  the  diffusion  of  hydrogen 

gas  into  air  will  be   -—^^^^  =  —  -—-  =  3.7987.     This  corre- 

4/.  0693       '^^^^^ 

sponds  with  the  results  given  in  the  third  column  of  the 
table;  and  the  use  of  the  table  may  be  understood  in  this 
way.  In  all  cases,  divide  1  by  the  square  root  given  in  the 
second  column  of  the  table,  and  the  quotient  will  be  the 
relative  velocity  of  the  diffusion  of  the  gas  in  question  into 
air.  For  example,  the  square  root  of  the  density  of  marsh- 
gas  is  given  in  the  second  column  as  .7477;  then,  ■  = 

.74:7  i 

1.3375=  the  relative  velocity  of  the  diffusion  of  marsh- 
gas  into  air.      The  annexed  table  of   densities   shows   the 
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comparative  rates  of  diffusion  of  the  various  gases  and  air 

into  a  vacuum : 

TABLE    19. 


Gas. 


Hydrogen   ........ 

Marsh-gas 

Carbonic  oxide  .... 

Nitrogen 

Oxygen 

Sulphureted   hydro- 
gen   

Carbonic  acid 


Density, 

or  Specific 

Gravity. 

Square 
Root  of 
Density. 

1 
f'^Density. 

Velocity  of 

Diffusion. 

Air  =  1. 

0.0693 

0.2632 

3.7987 

3.830 

0.5590 

0.7477 

1.3375 

1.344 

0.9670 

0. 9834 

1.0169 

1.015 

0.9713 

0. 9855 

1.0147 

1.014 

1.1057 

1.0515 

0.9510 

0.949 

1.1912 

1.0914 

,    0.9163 

0.950 

1.5291 

1.2366 

0. 8087 

0.812 

The  values  given  in  the  last  column  of  this  table  were 
obtained  by  experimenting  with  the  gases,  and  agree  quite 
closely  with  the  calculated  values  given  in  the  preceding 
column.  From  the  last  column  we  see  that  1,344  volumes 
of  marsh-gas  will  diffuse  in  the  same  time  as  1,000  volumes 
of  air  or  812  volumes  of  carbonic  acid  gas. 

866«  Occlusion  of  Gassea. — A  gas  is  occluded  (hidden) 
when  it  exists  in  the  pores  of  a  solid  mass.  A  familiar 
example  of  the  occlusion  of  gases  is  found  in  the  coal-seams, 
where  gases  often  exist  in  large  quantities  and  are  a  source 
of  danger  in  mining. 

The  conditions  which  have  held  these  gases  in  the  coal 
and  adjoining  strata,  till  set  free  by  the  penetration  of  mine 
workings,  are  largely  a  close  coal  and  an  impervious  roof 
and  floor.  The  kind  and  amount  of  gases  occluded  in  dif- 
ferent coal-seams,  and  even  in  different  parts  of  the  same 
seams,  vary  much,  and  alter,  to  a  large  extent,  the  charac- 
ter of  the  coal  enclosing  them. 

The  gases  most  commonly  occluded  in  coal-seams  are 
marsh-gas,  nitrogen,  carbonic  acid  gas  and  traces  of  oxygen, 
carbonic  oxide,  ethene,  and  some  other  hydrocarbons. 
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The  relative  percentages  of  these  gases  vary  largely,  even 
in  freshly  mined  coals. 

867.  Pressure  of  Occluded  Gases. — The  pressure 
of  occluded  gases  has  been  shown,  by  a  number  of  experi- 
ments in  England,  France,  and  Belgium,  to  reach  as  high 
as  10  and  16  atmospheres;  and,  in  exceptional  cases,  32 
atmospheres  has  been  the  recorded  pressure.  Whatever 
degree  of  exactness  these  experiments  may  have,  they  serve 
to  show,  at  least,  the  enormous  pressures  under  which 
occluded  gases  may  be  projected  from  a  newly  exposed  face. 
In  some  instances,  this  flow  of  natural  gas  from  certain 
veins  has  furnished  fuel  for  extensive  steam  plants.  In 
general,  the  tapping  of  a  gaseous  seam*  relieves  the  pressure, 
after  a  limited  time,  by  the  escape  of  the  gas. 

The  pressure  of  occluded  gases  is  often  manifested  in  a 
newly  exposed  fa<ce  of  coal  by  a  sharp  cracking  and  hissing 
sound,  throwing  the  splintered  coal  with  considerable  vio- 
lence into  the  face  of  the  miner. 

868*  Transpiration  of  Gases  from  Coal. — When  a 
coal-seam  containing  occluded  gases  is  being  worked,  the 
.pressure  on  the  gas  drives  it  outwards  from  the  coal,  and 
often  from  the  roof  and  floor  of  the  seam.  The  regular 
emission  of  gas  from  a  solid  mass  in  which  it  was  contained 
is  called  transpiration. 

869.  Feeders  and  Blo^vers. — Wherever  a  cavity, 
crevice,  or  fissure  exists  in  proximity  to  or  in  connection 
with  a  gaseous  seam,  it  becomes  charged  with  the  occluded 
gases  of  the  seam,  under  the  same  pressure.  A  dangerous 
reservoir  of  gas  is  thus  formed,  which  may  at  any  moment 
be  pierced  or  tapped  by  the  pick  or  drill  of  the  miner  and 
discharge  its  contents  into  the  mine  workings.  Such  cavi- 
tieSy  crevices,  or  fissures  charged  with  gas  are  termed  *yir^- 
^rj,"and,  when  tapped,  the  stream  of  gas  issuing  from  them 
is  called  a  ''  hlozver/'  According  to  the  size  of  the  internal 
reservoir  of  gas,  such  a  blower  may  continue  to  discharge 
its  gas,  with  practically  no  abatement,  for  a  Jong  time. 
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870.  Outbursts. — In  the  working  of  the  seams  of 
some  localities,  the  presence  of  occluded  gases  is  frequently 
manifested  by  a  violent  outburst  at  the  working  face. 
These  outbursts  often  take  place  without  warning,  and  pro- 
duce an  effect  similar  to  that  of  an  explosion,  throwing 
down  the  coal  in  large  quantities. 

The  cause  is  due  to  a  feeder  finding  access  to  a  more  or 
less  vertical  crevice  or  cleat  behind  the  working  face  of  the 
coal-seam.  Its  pressure  thus  becomes  distributed  over  a 
considerable  area  of  coal,  and  exerts  a  powerful  localized 
force.  This  is  due  to  a  pressure  on  a  large  area  being  made 
to  act  on  a  small  one  with  multiplied  force. 

Fig.  113  represents  a  dangerous  pocket  of  gas  lying  be- 
neath an  impervious  stratum  of  close-grained  rock,  which 
has  prevented  its 
escape.  The  gas 
is  under  enormous 
pressure,  incident 
to  the  subsidence 
and  contraction  of 
the  strata.  The 
cleats  or  vertical 
fissures  shown  in 
the  coal-seam  are 
"face  cleats,"  the 
^'°-  "'■  entry  or  gangway 

being  driven  "end  on."  The  pressure  of  the  gas  causes  the 
foliated  shale  to  rest  heavily  on  the  timbers,  and  later  a 
fissure  occurs  in  this  strata,  which  opens  a  communication 
for  the  gas  with  the  face  cleats  of  the  coal.  The  pressure 
of  the  gas  may  thereby  be  distributed  over  a  large  area  of 
the  rib,  with  the  result  just  described. 

There  are  well-authenticated,  although  seemingly  in- 
credible, cases  upon  record  where  headings  and  chutes  have 
been  completely  blocked  by  a  compacted  mass  of  from  15  to 
20  tons  of  fine  coal,  thus  thrown  from  the  face  without  the 
slightest  warning.  In  other  instances,  the  outburst  may 
be  accompanied  by  a  subterranean  pounding,  or  "bumping," 
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as  the  miners  term  it,  or  by  a  sudden  report,  similar  to  that 
of  a  blast.  This  pounding  or  **  bumping  "  sometimes  con- 
tinues at  intervals  for  two  or  three  days  prior  to  the  out- 
burst. By  far  the  larger  number  of  violent  outbursts  are  of 
marsh-gas;  although  instances  are  recorded  of  very  violent 
outbursts,  of  carbonic  acid  gas. 

871.  Calculation  of  the  Initial  Force  of  an  Ex- 
plosion.— Th^  force  of  an  explosion  depends  upon  the  ex- 
pansive power  of  the  gases  resulting  from  the  explosion. 
The  expansive  power  of  these  gases  depends  upon  their 
relative  volumes  before  and  after  the  explosive  reaction  has 
taken  place.  The  initial  force  of  an  explosion  is  the  force 
developed  at  the  moment  of  ignition.  To  calculate  the 
initial  force  of  an  explosion,  we  must  first  determine  the 
relative  or  atomic  volume  (Art.  841)  of  the  resulting  gases. 
Thus,  in  the  complete  explosion  of  marsh-gas  {CH^^  the  re- 
action which  takes  place  is  expressed  by  the  following  equa- 
tion: 

C//,-f4(9+16iV=C(9,-f2//,(9-fl6iV, 

or  1  atom  of  carbon  -f-  4  of  hydrogen  +  4  of  oxygen  -\- 16  of 
nitrogen  =  25  atoms ;  and  1  atom  of  carbon  -f-  2  of  oxygen  -|- 
4  of  hydrogen  -f-  2of  oxygen  -[-  16  of  nitrogen  =  25  atoms. 

We  notice  in  this  complete  explosion,  the  maximum  ex- 
plosive energy  must  be  developed,  because  all  of  the  car- 
bon of  the  marsh-gas  is  converted  immediately  into  carbonic 
acid  gas,  and  all  of  the  hydrogen  into  watery  vapor,  both  of 
which  are  dead  or  inert  products,  having  given  out  their 
energy.  We  shall  also  see  later  that  this  occurs  when  the 
marsh-gas  forms  9.38  per  cent,  of  the  firedamp. 

By  observing  the  above  equation,  we  see  that  for  each 
molecule  of  CH^  there  is  produced  one  molecule  of  CO^  and 
two  molecules  of  H^  O,  Four  atoms  of  O  are  consumed  in 
the  reaction,  which  are  derived  from  the  air  and  represent 
a  volume  of  air  containing  approximately  4  atoms  of  O  and 
16  atoms  of  N.  (More  accurately,  the  4  atoms  of  O  repre- 
sent 20.7  per  cent,  of  the  entire  air  used;  see  Art.  845.) 
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Now,  determining  the  atomic  volume  of  the  gases  before 
and  after  the  reaction,  we  find  the  volume  of  the  firedamp 
(marsh-gas  and  air)  is  the  same  as  the  volume  of  the  car- 
bonic acid  gas,  watery  vapor,  and  nitrogen  produced ;  thus, 
the  molecule  of  marsh-gas  occupies  the  same  space  as  the 
molecule  of  carbonic  acid  gas ;  the  two  molecules  of  watery 
vapor  occupy  the  same  space  as  the  four  atoms  of  oxygen. 
(See  Second  Law  of  Volume,  Art.  841.)  The  nitrogen  is 
unchanged  by  the  reaction. 


Before  Explosion. 


After  Explosion. 


Gas. 

Symbol. 

Atomic  or 
Relative 
Volumes. 

Marsh- 
gas. 

Air. 

CHk 

^    0 

- 
N 

1  mole- 
cule. 

4  atoms. 

Free 
nitrogen. 

2 

4 
15.32 

• 

Atomic  or 

Gas. 

Symbol. 

Relative 
Volumes. 

Carb. 

acid 

gas. 

CO^ 

1  mole- 
cule. 

2 

Watery 
vapor. 

2H^0 

2  mole- 
cules. 

4 

Nitro- 
!    gen. 

N 

Free 
nitrogen. 

15.32 

Total  volume,     21.32 


Total  volume,     21.32 


By  observing  the  above  table,  we  see  that  the  column  of 
relative  volumes  shows  2  volumes  of  marsh-gas  and  4  -f- 
15.32  =  19.32  volumes  of  air,  which  is  in  the  ratio  of  1  vol- 
ume of  marsh-gas  to  9.G6  volumes  of  air,  the  firedamp  be- 
ing at  its  maximum  explosive  point.  We  observe,  also,  by 
the  table,  that  4  volumes  of  oxygen  are  consumed  in  the 
complete  explosion  of  2  volumes  of  marsh-gas.  We  have 
previously  learned  (Art.  845)  that  oxygen  forms  20.7  per 
cent,  of  the  volume  of  the  air;  the  remaining  79.3  per 
cent,  being  nitrogen  in  a  free  state.  Hence,  to  find  the 
relative  volume  of  air  per  2  volumes  of  gas,  we  write  the 
following  proportion  :  20.7  :  4  ::  100  :  x  =  19.32  volumes  of 
air,  or,   for  1  volume  of  gas,  we  have  20.7  :  2  ::  100  :  x  = 
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9.66  volumes  of  air.  The  entire  relative  volume  of  fire- 
damp concerned  in  the  reaction  is,  then,  the  sum  of  the 
relative  volumes  (21.32  volumes),  as  by  the  table. 

The  percentage  of  pure  marsh-gas  in  this  mixture,  or  body 

of  firedamp,  is  found  thus,  =  0.38  per  cent,  of  marsh- 

gas.  There  being  no  change  in  the  atomic  volume  of  these 
gases  before  and  after  explosion,  the  expansive  power  pro- 
duced by  the  combustion  of  the  mixture  can  be  found  from 
the  increase  in  temperature  from  60°  F.  (normal)  to  1,200° 
F.  (temperature  of  ignition  for  marsh-gas).  Thus,  the 
total  pressure  of  a  confined  gas  is  always  proportional  to  its 
absolute  temperature.  The  absolute  temperature  is  the 
temperature  above  absolute  zero,  which  is  459°  below  the 
Fahrenheit  zero.  Hence,  to  transform  Fahrenheit  temper- 
ature to  absolute  temperature  we  add  459  degrees.  Then, 
knowing  the  pressure  of  the  atmosphere  to  be  14.7  at  the 
normal  temperature  60°  F. ,  we  write  the  simple  proportion 

459  +  60  :  459  +  1,200  ::  14.7  :  x, 

or,  519  :  1,659  ::  14.7  :  x=  47.0  pounds,  nearly. 

Therefore,  the  absolute  pressure  (or  the  pressure  above 
vacuum),  after  the  explosion,  is  practically  47  pounds,  and 
the  ruptive  pressure  is  47.0  —  14.7  (or  the  atmospheric 
pressure)  =  32.3  pounds  per  square  inch. 

872.  Calculation  of  tbe  Weight  of  a  Gas. —  T/te 
weight  of  any  gas^  at  a  given  pressure  and  temperature,  is 
equal  to  tlu  weight  of  an  equal  volume  of  air,  at  the  same 
pressure  and  temperature,  multiplied  by  the  specific  gravity 
of  the  gas. 

Let  W^=  weight  in  pounds; 
V  =  volume  in  cubic  feet ; 
B  =  barometric  pressure  in  inches; 
D  =  specific  gravity  of  the  gas — found  in  Table  19; 
T  =  absolute  temperature. 
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rru                   ir      1.3253  Fi5Z?  ,^.  , 

Then,  U  = j, .  (21.) 

Example. — What  is  the  weight  of  100  cubic  feet  of  carbonic  acid  gas, 
at  a  pressure  of  81  inches  of  mercury  and  a  temperature  of  32**  F.  ? 

1.3253  X  100  X  1.5291  X  31 


Solution. —    IV  = 


459  -4-  82 


182.53  X  152.91  X  81  .^  r-n^r,  J  A 

^^, =  12.7947  pounds.     Ans. 

491 


BXAMPLBS  FOR  PRACTICB. 

1.  Find  the  weight  of  200  cubic  feet  of  marsh-gas  (C//4),  at  a  tem- 
perature of  70"  and  a  pressure  of  80  inches  of  mercury.     Ans.  8.4028  lb. 

2.  Referring  to  example  1,  what  is  the  weight  of  the  hydrogen  gas. 
in  this  amount  of  marsh-gas  ?  Ans.  2.1007  lb. 

3.  In  case  of  an  explosion  of  firedamp  in  which  8.4028  ix)unds 
(example  1)  of  marsh-gas  were  concerned,  all  of  its  hydrogen  com- 
bining with  the  oxygen  of  the  air  to  form  water  (//a  O),  (a)  what  would 
be  the  weight  of  watery  vapor  resulting  from  the  explosion  ?  (d)  What 
would  be  the  weight  of  oxygen  consumed  in  this  part  of  the  reaction  ? 
(See  Art.  838.)  ^^^    (  (^)  18.9068  lb. 

■   i  {b)  16.8056  lb. 

4.  Referring  to  example  8,  if  all  of  the  carbon  of  the  8.4028  pounds 
(example  1)  of  marsh-gas,  combined  with  the  oxygen  of  the  air  to  form 
carbonic  acid  gas(COa),  (a)  what  weight  of  carbonic  acid  gas  would 
result  from  the  explosion  ?  {b)  What  would  be  the  weight  of  oxygen 
consumed  in  this  part  of  the  reaction  ?    (See  Art.  838.) 

Ans    \  W  28.1077  lb. 
*   (  {b)  16.8056  lb. 

5.  Referring,  now,  to  examples  8  and  4,  (a)  what  is  the  total  weight 
of  oxygen  consumed  in  the  reaction  ?  {b)  Determine  the  total  weight 
of  air  consumed  in  the  reaction,  incident  to  the  explosion.  (See 
Art.  845.)  ^j^g    Ufl)  88.61121b. 

*  \  (b)  146.18561b. 

6.  What  volume  of  dry  air  is  required  to  completely  explode  200 
cubic  feet  of  marsh-gas  ?    (See  Arts.  841  and  845.) 

Ans.  1,982.8  cu.  ft. 

7.  Referring  to  example  6,  if  this  volume  of  air  (1,932.8  cubic  feet) 
is  consumed  in  the  complete  combustion  of  200  cubic  feet  of  marsh-gas, 
(a)  what  per  cent,  of  the  mixture  (firedamp)  does  the  marsh-gas  form  ? 
{b)  What  volume  of  firedamp  was  exploded  ?     ».         (  (a)  9.88  per  cent. 

"   i  (b)  2,132.3  cu.  ft. 


§  5  GASES  MET  WITH  IN  MINES.  45 

COMBUSTION. 

873.  Combustion,  in  its  broadest  sense,  refers  to 
chemical  union,  attended  with  hcat^  sometimes  with  light 
and  flame.  Combustion  always  results  in  a  complete  trans- 
formation of  the  body  acted  upon,  and  of  the  gas  which 
supports  the  combustion^  forming  other  gases. 

874.  Oxidation. — Oxygen  gas  is  the  great  supporter 
of  combustion ;  and  the  process  of  combustion  is  then  called 
oxidation.  This  gas  has  a  strong  affinity  for  carbon  and 
hydrogen ;  and,  thus,  we  have  formed  two  of  the  most  com- 
monly occurring  compounds,  ivater  and  carbonic  acid  gas. 
The  first  of  these  is  as  truly  an  essential  to  animal  life  as 
the  second  is  an  inevitable  result  of  the  same. 

There  are  numerous  other  illustrations  of  true  combustion, 
however,  than  those  in  which  oxygen  plays  a  part.  For 
example,  the  burning  of  a  lighted  taper  in  an  atmosphere  of 
chlorine  gas ;  or,  the  explosion  of  equal  quantities  of  hydro- 
gen and  chlorine  gases. 

875*  Temperature  of  Combustion. — Combustion 
may  take  place  at  any  temperature ;  that  is  to  say,  the  oxi- 
dation is  often  carried  on  slowly  and  at  a  low  temperature, 
and  the  body  just  as  truly  destroyed  or  consumed  as  when 
the  action  is  stronger  and  the  temperature  high  enough  to 
produce  flame. 

The  process  is  then  spoken  of  as  sIotv  combustion,  be- 
cause the  action  is  slower,  or  less  energetic  than  in  active 
combustion,  when  flame  is  produced.  The  consuming 
of  the  animal  tissues  of  the  body  is  an  example  of  slow 
combustion.  The  disintegration  of  fine  coal,  in  the  gob 
heaps  and  goaves  of  the  mine,  is  followed,  in  time,  by  a  slow 
oxidation  of  the  coal  and  the  formation  of  carbonic  oxide 
and  carbonic  acid  gases.  This  slow  oxidation  is  as  truly  a 
form  of  combustion  as  when  the  coal  is  burned  at  a  higher 
temperature  and  flame  results. 

We  conclude,  then,  that  a  high  temperature  is  not  an 
essential  to  slow  combustion.  The  chemical  activity  of  any 
combustion  will  determine  its  initial  temperature;   on  the 
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other  hand,  the  various  products  of  combustion  have  vary- 
ing heat  capacities  (specific  heats),  and  thereby  absorb 
varying  amounts  of  the  initial  temperature,  the  remaining 
difference  being  the  sensible  heat  of  the  combustion. 

876.  Spontaneous  combustion  is  a  term  applied  to 
the  sudden  bursting  forth  of  flame,  or  active  combustion, 
in  a  body,  caused  by  the  internal  generation  of  heat  in  the 
body  itself.  Spontaneous  combustion  is  the  result  of  slow 
combustion,  or  chemical  action,  the  developed  heat  gradually 
increasing  till  ignition  takes  place.  The  production  of  car- 
bonic oxide  gas  {CO)  within  the  confines  of  the  body,  where 
the  supply  of  air  is  limited,  greatly  assists  ignition. 


BXPLOSIVES  AND  EXPLOSIONS. 

877.  Explosives. — This  term  refers  to  any  chemical 
compound  or  mechanical  mixture  that  is  capable,  under 
certain  conditions  of  heat  or  shock,  of  exerting  a  powerful 
ruptive  pressure.  The  common  form  of  explosives  in  use 
is  an  intimate,  mechanical  mixture  of  chemical  compounds, 
such  as  will  readily  give  rise  to  dissociation  of  their  respective 
atoms,  and  the  rapid  formation  of  gases,  under  the  proper 
conditions.  These  gases,  from  the  temperature  incident  to 
the  explosion,  possess  an  enormous  expansive  force,  result- 
ing in  a  ruptive  pressure  of  many  tons  upon  the  square  inch. 

On  account  of  the  great  importance  of  explosives  in  mi- 
ning, and  on  account  of  their  being  the  direct  cause  of  a  large 
number  of  mine  accidents,  affecting  many  who  are .  in  no 
wise  to  blame  for  their  occurrence,  a  careful  study  of  their 
nature  and  use  is  needful.  We  will  consider,  in  order,  the 
conditions  incident  to  the  explosion  of  a  charge  in  a  drill- 
hole, for  the  purposes  of  blasting. 

The  chief  factor  which  determines  the  strength  of  an 
explosive  is  the  rapidity  of  its  combustion.  There  are  two 
modes  of  propagation  of  the  combustion  of  explosives,  giving 
rise  to  two  general  classes ;  in  the  first  class  the  propagation 
being  slow,  while  in  the  second  it  is  extremely  rapid. 

{a)     Explosives  that  deflagrate, 
(b)     Explosives  that  detonate. 
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878.  Deflagration  is  a  form  of  combustion  dependent 
upon  the  thermal  conductivity  of  the  mass.  The  combus- 
tion is  propagated  from  particle  to  particle  of  the  mass, 
much  as  heat  travels  from  one  end  of  an  iron  rod  to  the 
other.  All  the  black  powders  furnish  examples  of  dcfiagra- 
tion.  The  ignition  of  such  a  powder  at  one  point  is  trans- 
mitted throughout  the  mass  with  a  speed  dependent  upon 
the  combustibility  of  the  powder  and  its  thermal  conductivity. 
Each  atom  burns  independently,  and  exerts  no  further 
influence  upon  the  surrounding  atoms,  except  as  the  heat  of 
its  burning  is  communicated  to  them. 

879.  Detonation. — This  form  of  combustion,  unlike 
deflagration,  is  transmitted,  with  almost  lightning  rapidity, 
to  every  particle  of  the  mass.  The  detonation  of  a  single 
particle  seems  to  exert  a  wave-like  compression  throughout 
the  mass  that  causes  a  like  detonation  of  the  entire  body. 
Its  speed  of  propagation  is  estimated  at  16,400  feet  per 
second ;  so  that  any  explosion  by  detonation  is,  practically, 
an  instantaneous  development  of  the  entire  expansive 
energy  of  the  mass.  Nitroglycerine  is  an  example  of  such 
an  explosive. 

880.  Action  of  Expiosives. — The  theory  of  the  action 
of  explosives  is,  in  outline,  as  follows : 

Chemical  action^  incident  to  the  ignition  of  a  charge, 
assisted  by  heat  and  pressure^  transforms  the  solid  explosive 
compound  or  mixture  into  gaseous  products,  developing  in 
such  transformation  or  combustion  a  definite  number  of  heat 
units. 

881.  Clieniical  Reaction. — When  a  charge  of  powder 
is  exploded  in  a  drill-hole,  the  combustion  which  takes  place 
is  supported  by  the  oxygen  of  the  niter  in  the  powder. 
This  salt  is  a  powerful  oxidizer,  and  gives  up  its  oxygen  to 
the  sulphur  and  carbon.  A  large  number  of  gases  are 
formed,  chief  among  which  are  nitrogen,  carbonic  acid  gas, 
and  carbonic  oxide  gas.  It  is  impossible  to  give  any 
accurate  analysis  of  the  gases  resulting  from  any  one  explo- 
sion.    The  gaseous  products  vary  according  to  the  pressure 
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under  which  ignition  takes  place,  and  will  vary,  therefore, 
in  each  individual  charge.  Any  chemical  equation,  there- 
fore, expressing  the  reaction  which  takes  place  must  be  only 
approximate. 

882.  Black  Poi?irders. — The  better  grades  of  the 
black  powders  are  formed  by  the  intimate  mixture  of  2 
molecules  of  niter,  1  of  sulphur,  and  3  of  fine  charcoal, 
making  the  following  proportions  by  weight : 

Niter  (saltpeter),  (potassium  nitrate)  {KNO^)  =  74.83^ 

Sulphur (5)      =  11.84^ 

Carbon  (fine  charcoal) {C)     =  13.33j^ 

100.00 

In  practice,  however,  the  proportions  are  usually  taken  as 
follows : 

Niter 75  parts. 

Sulphur 10  parts. 

Carbon 15  parts. 

100  parts. 

883.  Blasting  Po^nrder. — It  is  common  practice,  in 
the  manufacture  of  blasting  powders,  to  increase  the 
amount  of  carbon  or  charcoal,  while  the  amount  of  the  niter 
is  decreased.  In  blasting  powders,  the  following  propor- 
tions are  more  commonly  used,  although  this  practice  varies 
in  different  localities: 

Niter 66     parts. 

Sulphur 10.5  parts. 

Carbon 23.5  parts. 

100     parts. 

Cheaper  grades  of  blasting  powders  are  often  made  by  sub- 
stituting sodium  nitrate  {Na  NO^)  for  the  potassium  nitrate, 
either  in  part  or  wholly ;  but  such  substitution  produces  a 
very  inferior  powder.  The  sodium  salt  absorbs  moisture 
when  exposed  to  even  the  slightest  dampness,  and  thereby 
causes  such  powders  to  lose  much  of  their  strength. 
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884.  Size  of  Grain. — The  size  of  the  grain  is  an 
important  factor  in  determining  the  rapidity  with  which  the 
powder  acts.  The  finer  the  grain,  the  quicker  the  action ; 
and  vice  versa,  the  coarser  the  grain,  the  slower  the  action. 
A  little  study  will  show  the  need  of  a  careful  application  of 
this  principle,  on  the  part  of  the  miner.  For  example,  ^w;/- 
powder  is  a  fine-grained  powder;  what  is  desired  is  the  rapid 
movement  of  a  small  mass ;  hence,  its  action  must  be  very 
rapid,  and  the  stock  of  the  gun  must  be  strong  enough  to 
resist  the  inertia  of  the  bullet. 

On  the  other  hand,  in  all  kinds  of  blasting,  a  slower  move- 
nient  of  a  larger  mass  is  desired ;  hence,  we  employ  a  slower 
powder,  one  whose  whole  expansive  energy  will  not  be  de- 
veloped in  a  single  flash.  We  must  consider,  also,  that  the 
blasting  of  different  materials  requires  a  different  action  in 
the  powder,  according  to  the.  character  of  the  material 
blasted.  Thus,  the  blasting  of  rock  requires  a  quicker 
powder  than  the  blasting  of  coal,  while  a  soft,  laminated 
shale  will  yield  more  completely  to  a  very  slow  powder. 
The  need  for  this  adaptation  of  size  is  obvious  and  rea- 
sonable. 

Fig.  114  shows,  approximately,  the  four  sizes  of  black 
powder  in  most  common  use  in  coal-mining.     These  sizes 


Fig.  ih. 

are  adapted  to  different  grades  of  work  and  a  varying  hard- 
ness in  the  coal.  The  smaller  sizes  are  adapted  to  a  hard, 
brittle  coal,  while  the  larger  sizes  are,  on  the  other  hand, 
adapted  to  a  softer  and  tougher  coal.  The  smaller  sizes  are 
likewise  adapted  to  narrozu  work  (entry  work)  and  to 
shooting  on  the  solid,  while  the  coarser  grades  yield  better 
results  in  breast  and //7/^r  work,  where  the  resisting  forces 
are  not  so  great.  The  nature  of  the  coal,  the  class  of  work, 
and  the  judgment  of  the  miner  must  determine  the  size  of 
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powder  best  adapted  for  his  use.  Many  miners,  however, 
use  very  poor  judgment  in  this  respect,  and  reap  a  reward 
in  the  decrease  of  their  net  earnings. 

885.  "Blown-out"  Stiot. — This  term  is  applied  to 
any  blast  whose  energy  is  expended  upon  the  air,  instead  of 
being  converted  into  mechanical  work.  The  intensity  of 
the  projected  flame  is  augmented  by  the  high  temperature 
and  pressure  resulting  from  the  unyielding  character  of  the 
walls  enclosing  the  charge. 

886.  "  Windy "  Shot.— This  term  refers  to  a  blast 
whose  energy  is,  in  part  or  wholly,  expended  upon  the  air. 
It  differs  from  a  blown-out  shot  only  in  the  absence  of  the 
high  temperature  and  pressure  of  the  projected  flame. 

• 

887.  Causes. — The  causes  giving  rise  to  the  above  are 
numerous,  and  may  be  summarized  as  follows: 

{a)  The  shot  may  be  too  deeply  laid. 

1.  The  angle  of  2i  gripped  shot  may  be  too  large;  that  is, 
the  hole  may  be  drilled  at  an  angle  so  great  that  the  charge 
will  lip  too  deep. 

2.  The  depth  of  a  hole  may  locate  the  charge  too  much 
upon  the  solid  (back  of  the  cutting  or  mining). 

3.  The  projecting  bottoms  and  tops  of  the  seam  may  arch 
the  resistance  in  such  a  manner  as  not  to  allow  the  charge 
an  opportunity  to  do  its  work. 

{b)  1.  The  tamping  (stemming)  may  be  insufficient  for 
the  charge  exploded  or  the  sectional  area  of  the  hole. 

2.  The  tamping  may  be  of  such  an  inflammable  and 
gaseous  nature  as  to  become  a  dangerous  factor  in  lengthen- 
ing out  the  flame  of  the  blast  by  the  gases  distilled  from  it 
under  the  flame  of  the  blast. 

(f)     1.  The  solid,  in  the  region  of  the  charge,   may  be 
creviced  or  fissured  naturally,  or  by  a  former  blast. 
2.  The  coal  may  '*seam  out." 

{d)  1.  Too  strong  (fine-grained)  a  powder  may  be  em- 
ployed, which  results  in  blowing  the  tamping  and  giving 


§  5  GASES  MET  WITH  IN  MINES.  51 

vent  to  the  flame  and  gases  of  the  blast  before  the  inertia 
of  the  mass  has  been  overcome. 

2.  Too  coarse  a  powder  and  too  heavy  a  charge  of  it 
may  result  in  a  considerable  amount  of  partly  burned  arid 
burning  powder  being  thrown  out  upon  the  air,  to  expend 
its  energy  in  expansion  instead  of  in  mechanical  work.  A 
like  result  will  always  be  produced  by  an  excessive  charge 
of  any  size  powder. 

3.  A  mixture  of  different  grades  of  powder  will  nearly 
always  result  in  a  considerable  portion  of  the  charge  being 
thrown  upon  the  air,  partly  burned  or  burning.  The  mix- 
ing of  a  small  amount  of  gunpowder  with  blasting  powder, 
for  the  purpose  of  **  making  it  stronger,"  is  a  pernicious  act, 
and  would  justify  the  discharge  of  the  man  found  guilty  of 
so  doing. 

{e)  A  drill-hole  of  too  large  a  diameter,  as  compared  with 
the  amount  of  the  charge,  will  result,  in  the  majority  of 
cases,  in  the  projection  of  the  charge,  because  the  large 
sectional  area  of  the  hole  brings  an  undue  pressure  upon 
the  tamping. 

(/)  1.  A  succession  of  two  or  more  blasts,  fired  in  a 
limited  working  place,  may  produce  an  effect  similar  in 
every  respect  to  that  produced  by  a  windy  shot.  It  is 
caused  by  the  firing  of  the  carbonic  oxide  gas  and  the  sus- 
pended dust  of  the  first  shot,  by  the  flame  of  the  second. 

2.  A  like  result  obtains  very  often  when  a  heavy  blast  is 
fired  in  too  close  proximity  to  accumulations  of  dust. 

In  general,  if  the  hole  is  **  gripped"  too  strongly,  or  the 
charge  itself  located  too  deeply  upon  the  solid,  a  *' blown- 
out  "  shot  will  result  from  the  unyielding  nature  of  the  walls, 
and  a  flame  of  great  intensity  will  be  projected  from  the 
bore  of  the  hole  when  the  tamping  or  stemming  has  yielded. 

If  the  charge  is  too  heavy  for  the  work  to  be  accom- 
plished, a  ^^ blown-out,''  but  more  properly  called,  a  ^' windy'' 
shot,  will  result.  The  temperature  of  the  flame  will  be  nor- 
mal in  this  case,  but  the  danger  arises  from  the  projection 
and  explosion  of  a  considerable  amount  of  the  charge  upon 
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the  air  after  rupture  has  taken  place.  The  energy  of  a 
portion  of  the  charge  is  thus  bestowed  upon  the  air  instead 
of  being  converted  into  mechanical  work,  by  breaking  down 
the  coal. 

888.  Flame  less  Explosives. — From  our  previous 
study,  we  readily  perceive  the  dangers  incident  to  blasting  in 
mine  workings.  So  numerous  are  the  conditions  which 
render  the  use  of  explosives  in  a  mine  dangerous,  that  it  has 
often  been  a  matter  of  serious  consideration  whether  the 
use  of  any  form  of  explosives  should  be  tolerated  in  mines 
known  to  be  gaseous.  It  is  recognized  that  the  flame  inci- 
dent to  the  explosion  is  the  dangerous  factor,  and  many 
attempts  have  been  made  to  so  alter  the  composition  of  the 
explosive  as  to  yield  gaseous  products  which  wete  not 
inflammable.  This  result  has  only  been  realized  in  part. 
Nevertheless,  explosives  have  been  produced  in  the  combus- 
tion of  which  a  very  limited  flame  results;  and  the  use  of 
such  explosives  renders  mining  more  safe.  These  are  mostly 
formed  by  a  mixture  of  nitrated  compounds  (ammonia 
nitrate  and  nitro-benzine,  or  nitro-naphthalene).  For  the 
most  part,  they  are  detonators,  and  are  exploded  by  a  ful- 
minating cap. 

DBTONJLTINO  BXPL08IVB8. 

889.  The  detonating  explosives  are  divided  into  three 
general  classes,  viz. : 

{a)  Such  as  have  glycerine  for  a  base,  as  nitroglycerine^ 
dynamite^  carbonite^  stonite^  and  ardcerite. 

{b)  Such  as  are  formed  from  cotton^  as  guncotton^  tonitCy 
and  potentite. 

Gelignite  and  gelatine-dynamite  (blasting  gelatine)  are 
formed  by  mixing  nitroglycerine  with  guncotton,  in  varying 
proportions. 

(r)  Such  as  have  ammonia  nitrate  for  a  base  (called  the 
Sprengel  class^  after  their  inventor),  as  Roburite,  Securite^ 
Ammonite y  Oxonite  {Rack'a-rock)^  Panclastite^  Bcllite^  and 
Hellhoffite, 
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890.  Nitroglycerine  is  a  heavy,  oily  liquid,  formed 
by^the  action  of  a  mixture  of  strong  nitric  and  sulphuric 
acids  upon  glycerine.  It  is  a  chemical  compound,  and  as 
such  differs  from  most  other  explosives.  The  dissociation 
of  atoms  takes  place  instantaneousl)j  throughout  its  mass, 
and  thus  affords  one  of  the  most  powerful  explosives  known. 

Its  specific  gravity  is  1.6.  It  freezes  at  40°  F.  Heated 
to  360°  F.,  it  either  burns  or  explodes.  One  volume  of 
nitroglycerine  exploded  yields  1,298  volumes  of  gas.  Nobel 
places  the  temperature  of  the  explosion  at  3,270°  F.,  and 
states  that  the  expanded  gases  of  the  explosion  will  occupy 
10,384  times  the  original  volume,  which  will  develop  a  rup- 
tive  pressure  of  76.322  tons  per  square  inch,  under  ordinary 
conditions. 

Nitroglycerine,  when  frozen,  will  not  explode  by  any  ordi- 
nary cause ;  but  an  elevation  of  temperature  makes  its  hand- 
ling dangerous.  It  is  readily  exploded  by  a  smart  blow, 
when  spread  upon  a  flat  surface;  but  a  bottle  of  the  liquid 
may  be  smashed  to  pieces,  at  times,  without  causing  an  ex- 
plosion. When  nitroglycerine  has  become  sour  and  impure, 
spontaneous  decomposition  is  developed,  forming  gas  and 
oxalic  acid,  which  often  results  in  a  disastrous  explosion, 
especially  when  the  liquid  is  contained  in  a  tightly-stoppered 
vessel. 

Nitroglycerine  is  rendered  more  safe  for  blasting  purposes 
and  for  transportation,  by  its  being  employed  in  the  form  of 
dynamite. 

891.  Dynamite, — This  explosive  is  nitroglycerine,  ab- 
sorbed by  any  porous  substance.  There  are  different  grades 
of  dynamite,  differing  by  the  varying  amount  of  nitroglycerine 
absorbed.  They  are  rated  as  follows,  the  percentages  vary- 
ing according  to  the  different  brands  : 

Grade  No.  1,  from  50  to  70  per  cent,  nitroglycerine. 
Grade  No.  2,  from  33  to  50  per  cent,  nitroglycerine. 
Grade  No.  3,  from  27  to  30  per  cent,  nitroglycerine. 
Grade  No.  4,  from  20  to  25  per  cent,  nitroglycerine. 

The  principal  brands  in  use  are  ** Hercules,"  ** Atlas,"  and 
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**-^tna.**  The  dynamite  cartridges  consist  of  strong  paper 
shells,  previously  dipped  in  melted  paraffine,  and  filled  with 
the  explosive.  They  are  usually  8  inches  long  and  of  the 
following  diameters  and  weights: 

Diameter   ^  inch Weight  about    4  ounces. 

Diameter  1    inch Weight  about    5  ounces. 

Diameter  1;^  inches Weight  about    8  ounces. 

Diameter  1^  inches Weight  about  12  ounces. 

Diameter  If  inches Weight  about  15  ounces. 

Diameter  2    inches Weight  about    1:^^  pounds. 

Diameter  3    inches Weight  about    3  pounds. 

Diameter  4   inches Weight  about    5  pounds. 

The  weight  of  any  dynamite  cartridge  may  be  calculated 
by  means  of  the  following  simple  rule : 

Rule. — Multiply  the  square  of  the  diameter  of  the  car- 
tridge by  its  length,  all  in  inches,  and  take  f  of  the  product  ; 
the  result  will  be  the  weight  of  the  cartridge  in  ounces. 

Let  \V=^  weight  of  cartridge  (ounces); 
d  =  diameter  of  cartridge  (inches) ; 
/  =  length  of  cartridge  (inches). 

Then,  \V=s^ld\  (22.) 

An  average  No.  2  grade  of  this  explosive  will  yield  an 
initial  ruptive  pressure  of  24  tons  per  square  inch. 

Safe  methods  of  using  dynamite  are  explained  further  on, 
in  the  section  on  Shafts,  Slopes,  and  Drifts. 

Other  forms  of  dynamite  have  been  invented  and  brought 
forward  from  time  to  time.  These  mostly  consist  of  nitro- 
glycerine, in  smaller  quantities,  absorbed  in  various  waste 
products,  as  cork  shavings,  sawdust,  etc.  In  the  original 
dynamite,  the  absorbent  was  an  infusorial  earth  found  in 
northern  Germany,  which  absorbed  three  times  its  own 
weight  of  nitroglycerine.  The  forms  of  dynamite  referred 
to  above  are  known  as  carbonite,  stonite,  and  ardecrite. 

892*  Guncotton  (nitro-cotton)  is  a  product  similar  in 
all  respects  to  nitroglycerine,  being  formed  by  the  action  of 
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a  mixture  of  strong  nitric  and  sulphuric  acids  upon  ordinary 
cotton,  or  cellulose,  wood-pulp,  paper,  or  rags.  In  appear- 
ance, guncotton  resembles  ordinary  cotton;  100  parts,  by 
weight,  of  cotton  should  form  183  parts  of  guncotton ;  but, 
on  account  of  more  or  less  incomplete  action,  and  a  solution 
of  a  portion  of  the  guncotton,  before  the  whole  mass  has 
been  converted,  in  practice  100  parts  of  cotton  yield  only 
from  160  to  178  parts  of  guncotton. 


- 

Exploded  in 
Free  Air. 

Detonated  Under 
Pressure. 

Carbonic  oxide  gas 

Carbonic  acid  ei'as 

30  parts 

20  parts 

10  parts 

9  parts 

8  parts 

None 

23  parts 

40 
25 

Marsh-eras 

Trace 

Nitrocen  dioxide 

None 

Nitrocren 

15 

Hvdrocren 

20 

Aaueous  vaoor 

None 

Guncotton  is  exploded  by  percussion.  In  some  cases,  it 
has  been  known  to  explode  with  violence  when  heated  to 
110°  F.,  although  other  instances  are  recorded  where  the 
temperature  has  been  raised  to  200°  F.  without  an  explosion 
taking  place.  It  has  been  known  to  be  exploded  by  the  heat 
of  the  sun's  rays.  It  is  liable  to  decompose,  which  often 
results  in  spontaneous  combustion.  Exploded,  it  yields  a 
gaseous  product  consisting  of  100  parts,  as  shown  in  the 
above  table. 

As  will  be  readily  seen,  from  its  gaseous  products,  it  is 
not  adapted  for  use  in  mine  workings.  Its  explosive  force, 
as  compared  with  an  equal  weight  of  gunpowder,  is  as  4. 5 
to  1. 

893.  Tonite  and  potentite  are  forms  of  guncotton  to 
which  nitrates  of  potassium,  or  barium  have  been  added. 

894.  Gelatine-dynamite^  or  blasting-gelatine,  and  also 
gelignite,  are  mixtures  of  nitroglycerine  and  guncotton,  on 
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the  supposition  that  a  more  perfect  combustion  is  thereby 
obtained.  A  honey-colored,  gelatinous  mass  is  obtained, 
which  does  not  freeze  as  readily  as  nitroglycerine  or  dyna-' 
mite,  and  withstands  the  action  of  water  better.  It  is  more 
liable  to  explosion  from  a  sudden  blow  than  is  dynamite. 
Its  gaseous  products  prevent  its  general  use  in  mining. 

895.  Sprengel  Explosives. — What  may  very  proper- 
ly be  called  the  Sprengcl  explosives^  after  their  inventor,  are 
the  highly  nitrated  compounds  formed  by  varying  mixtures 
of  nitrate  of  ammonium,  {NH^)  NO^^  which  contains  60  per 
cent,  of  its  weight  of  oxygen,  with  other  nitrated  com- 
pounds, as  nitro-naphthalene,  nitro-benzol,  etc.  The  ex- 
plosives belonging  to  this  class  are  of  recent  invention  and 
are  not  well  known ;  but,  on  account  of  the  property  which 
they  all  possess,  to  a  greater  or  less  extent,  of  suppressing 
th^  flame  of  their  explosion,  they  will  eventually  find  an  im- 
portant application  in  mining  (Art.  888).  The  most  im- 
portant and  best  known  of  these  are  roburite^  securite^ 
ammonite^  oxonite^  called  also  rack-a-rock,  and  bcllite.  The 
first  three  of  these  are  alluded  to  as  exceedingly  safe  and 
powerful  explosives,  by  G.  W.  Wilkinson  and  other  com- 
petent authorities. 

896«  Comparison  of  Explosives. — The  value  of  an 
explosive  lies  in  its  being  instantly  convertible  into  gaseous 
products,  having  a  high  temperature  and  being  incombusti- 
ble. The  explosive  that  embodies  these  qualifications  to 
the  highest  degree  is  the  strongest.  However,  except  in 
very  gaseous  mines,  high  explosives  are  not  used  in  coal- 
mining, because  they  shatter  the  coal  and  make  too  much 
small  coal  and  slack.  The  less  powerful  and  slower  black 
powder  is  used,  as  it  breaks  down  the  coal  in  larger  lumps. 

(a)  It  is  necessary,  in  order  to  secure  the  greatest  rend- 
ing force  in  an  explosive,  that  its  transformation  into  the 
gaseous  state  should  be  instaniancoiis  and  complete. 

{b)  The  higher  the  temperature  developed  in  the  ex- 
plosion, the  greater  will  be  the  expansive  force  of  the  gaseous 
products. 
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{c)  The  more  incombustible  the  gaseous  products,  the 
less  flame  will  be  produced  by  the  explosion,  and  the  more 
security  will  attend  its  use  in  gaseous  mines. 

The  following  table  will  be  of  use  to  the  mining  student, 
in  making  comparisons  between  some  of  the  more  common 
explosives  in  use  in  mines. 

TABI.E    20. 


Explosive. 


Temperature 

of  the 
Explosion  (F.)- 


Blasting  powder . 
Nitroglycerine  . . 

Dynamite 

Blasting-gelatine. 

Guncotton 

Tonite 

Roburite 

Ammonite 

Securite 

Carbonite 


2.000°  to  3.600^ 
5.740' 
5,280° 
5,830' 
4,800° 
4,800° 
3,800° 


Products  of  Explosion. 


i^ombustible. 


lucombustible. 


Ruptive  Pressure 
(Pounds  per  Sq.  In.) 


42  per  cent. 

0  per  cent. 

0  per  cent. 
46  per  cent. 
61  per  cent. 

8  per  cent. 
.  0  per  cent. 

0  per  cent. 

0  per  cent. 
41  per  cent. 


58  per  cent. 
100  per  cent. 
100  per  cent. 

54  per  cent. 

39  per  cent. 

92  per  cent. 
100  per  cent. 
100  per  cent 
100  per  cent. 

59  per  cent. 


12,400  to  20,500 
152,640 
48,000 


90,000  to  100,000 


Table  21  gives  the  temperature  of  combustion  of  some  of 
the  more  important  gases  relative  to  mining  chemistry. 


TABLE    21. 


Gases. 


Marsh-gas 

Ordinary  illuminating  gas  .  . 

Carbonic  oxide  gas 

Hydrogen 


Temperature  of 
Combustion  (F.). 

1,220° 
1,108'' 
1,184° 
1,148° 


897.     Character  of  Mine  Explosions. — Many  condi- 
tions injfluence  and  determine  the  character  of  an  explosion 
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of  mine  gases.  The  term  explosion^  in  its  present  applica- 
tion, is  broadened  to  include  any  type  of  rapid  combustion 
of  mine  gases  in  the  air-passages  or  workings,  from  a  quiet 
burning,  sweeping  the  roof  of  the  passage  and  advancing 
at  a  moderate  velocity,  to  a  wild  hurricane  of  fire,  dust,  and 
debris,  propelled  at  an  inconceivable  speed  by  the  expansive 
energies  caused  by  the  ignition  of  the  gases  in  the  air.  The 
conditions  that  thus  determine  the  character  of  an  explosion 
of  mine  gases  are,  briefly,  as  follows: 

(a)  The    proportionate    mixing:  of    the   gases  and 

their  affinities  for  each  other  when  excited  by  heat  produces 
the  violence  of  their  dissociation  and  recombination  in  other 
forms  as  compounds. 

For  example,  the  explosive  mixture  may  be  air  charged 
with  marsh-gas,  in  such  proportions  as  to  develop  its 
maximum  violence ;  or,  on  the  other  hand,  a  large  propor- 
t'on  of  carbonic  oxide  gas  may  be  produced  as  a  result  of  a 
local  explosion  of  marsh-gas,  and  this  gaseous  mixture  may 
burn  quietly  along  the  roof  of  a  passageway  without  ex- 
ploding. Again,  these  conditions  may  suddenly  change, 
and  the  slow  burning  at  any  moment  develop  explosive 
violence  by  contact  with  another  body  of  gas. 

(^)  The  oxysen  of  the  air  being  the  ever-ready  means 
to  dissociation,  the  abundance  of  its  supply  in  the  air  of  the 
workings  determines  largely  the  chemical  activities. 

(r)  Coal-dust,  suspended  in  the  air  of  mine  workings, 
acted  upon  by  the  flame  of  an  explosion,  distils  carbonic 
oxide  Kas.  This  gas  has  the  effect  of  lengthening  the 
flame,  which  feeds  upon  it,  and  thereby  propagates  an  other- 
wise local  explosion. 

(d^  The  physical  surroundings  of  an  explosion  of  mine 
gases,  such  as  the  size  of  the  working  places,  and  all  the 
conditions  which  hinder  the  free  expansion  of  the  gases, 
affect  the  pressure  and  temperature  of  the  explosion. 
These  are  important  factors  in  determining  the  products  of 
the  crplosion  and  the  extent  of  the  flame. 
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898.  Causes  of  Ignition. — These  are  many.  The 
Ignition  of  an  explosive  mixture  of  gases  requires  some 
cause  that  will  raise  its  temperature  to  the  point  of  ignition. 
In  the  case  of  firedamp,  however,  this  temperature  must  be 
maintained  for  a  certain  fraction  of  a  second,  or  the  gas  fails 
to  ignite.  This  is  a  very  important  point,  as  upon  it  de- 
pends the  security  of  detonating  explosives. 

For  example,  the  initial  temperature  of  the  explosion  of 
dynamite  is  5,280°  F.  (Table  20);  but  so  rapid  is  the  propa- 
gation of  the  combustion  in  the  dynamite,  that  this  tem- 
perature is  only  maintained  for  a  time  not  exceeding  -j^o^y 
of  a  second,  when  its  heat  is  converted  into  mechanical 
work,  the  temperature  falling  simultaneously  with  the  ex- 
pansion far  below  the  point  of  ignition  for  firedamp 
(1,220°  F. ),  and  thus  failing  to  ignite  this  dangerous  mixture. 
The  interval  of  time  necessary  for  the  ignition  of  firedamp 
is  probably  due  to  the  absorption  of  heat  by  the  watery 
vapor  formed  by  the  dissociation,  and  which  must  be  con- 
verted into  steam  at  a  high  temperature  before  ignition  of 
the  gaseous  products  can  take  place. 

In  the  case  of  the  ignition  of  a  body  of  gas  (firedamp), 
the  cause  is  usually  the  flame  of  a  naked  lamp,  or  a  defec- 
tive safety-lamp,  or  the  flame  incident  to  blasting. 

In  the  case  of  an  explosion  in  a  no?i'gasvous  mine,  the 
gases  which  enter  into  the  explosion  are  derived  from  the 
distillation  of  the  coal-dust  suspended  in  the  air,  and,  in  a 
measure,  also  from  the  fine  coal  pulverized  by  the  crushing 
force  of  the  blast.  In  this  latter  case,  the  cause  of  ignition 
is  plainly  the  projected  flame  of  a  **  blown-out "  shot,  which 
has  a  volume  and  intensity  sufficient  for  the  conversion  of  a 
large  body  of  suspended  dust  into  gas. 

899.  Temperature  of  an  Explosion. — In  any  ex- 
plosion whatever,  whether  it  be  a  body  of  gas  in  the  mine 
workings,  or  a  charge  of  powder,  or  other  explosive,  in  a 
drill-hole,  the  primary  or  initial  temperature  of  the  reaction 
is  determined  from  the  heat  units,  stored  in  the  original 
constituents  of  the  explosive  mixture,  and  the  specific  heats 
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or  heat  capacities  of  the  resulting  products  of  the  explosion. 
This  temperature  of  ignition  may  be  calculated  from  the 
principles  of  thermal  chemistry,  and  is  always  a  fixed  tem- 
perature, as  far  as  the  explosive  is  concerned. 

The  temperature  of  the  explosion^  on  the  other  hand,  is 
determined  or  influenced  by  other  causes,  and  is  always,  to 
a  greater  or  less  extent,  lowered  by  external  causes;  as,  for 
example,  {a)  loss  of  heat,  by  conduction,  before  the  full  de- 
velopment of  the  explosion ;  {b)  loss  of  heat,  by  absorption 
due  to  expansion,  before  the  full  development  of  the  ex- 
plosion. 

It  will  be  readily  seen  that  these  losses  are  larger,  the 
slower  the  progress  of  the  combustion.  Thus,  in  the  case 
of  a  deflagrating  charge,  as  of  black  powder^  whose  tem- 
perature of  ignition  is  3,632°  F.,  the  temperature  of  explo- 
sion^ depending  upon  the  strength  of  the  resisting  walls,  is 
lowered  to  a  practical  2,000°  F.  In  the  case  of  the  quiet 
burning  of  a  body  of  firedamp,  diluted  below  the  explosive 
point,  or  the  burning  of  a  trail  of  carbonic  oxide  gas,  left  in 
a  passageway  at  times  by  the  quick  advance  of  an  explosion, 
and  fed  later  by  fresh  air  from  rooms  or  chambers,  the 
effective  temperature  of  the  burning  is  often  far  below  the 
actual  temperature  of  ignition  of  these  gases  (firedamp 
1,220°,  carbonic  oxide  gas,  1,184°),  on  account  of  the  ab- 
sorption of  the  heat  of  ignition  by  the  freely  expanding 
gases. 

900.  Coal-Dust. — This  discussion  would  not  be  com- 
plete without  some  special  reference  to  the  influence  of  this 
dangerous  factor,  present  to  a  greater  or  less  extent  in  many 
coal-mine  explosions. 

The  presence  of  coal-dust  suspended  in  the  air  of  mine 
workings,  and  acted  upon  by  a  flame  of  sufficient  volume 
and  intensity,  gives  rise  to  two  practical  efl:ects,  viz. : 

{a)  Elongation  and  propagation  of  the  flame. 

{b)  Widening  of  the  explosive  range  of  firedamp. 

These  effects  have  been  described,  {a)^  Art.  897  {c)^ 
and  (*),  Art.  860  {b). 
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The  facts  in  regard  to  any  kind  of  dust,  and  its  influence 
upon  the  character  of  an  explosion,  are  the  following : 

{a)  The  dust  must  be  combustible,  or  it  has,  compara- 
tively, no  effect. 

(b)  The  finer  the  dust  and  the  more  inflammable  its 
nature,  the  quicker  and  fiercer  will  be  its  combustion. 

(r)  The  free  suspension  of  the  dust  in  the  air,  and  its 
complete  combustion,  are  greatly  assisted  by  a  strong  air 
current. 

(rf)  The  coal-dust  (fine  and  larger  particles)  is  heated  to 
incandescence  by  the  flame  of  the  burning  gases,  distilling 
combustible  gas,  which  adds  to  the  flame,  thereby  transmit- 
ting the  explosion  through  the  airways. 

(e)  The  incandescent  carbon  has  the  power  to  convert 
any  carbonic  acid  gas  (CO,)  with  which  it  comes  in  con- 
tact into  combustible  carbonic  oxide  gas  {jCO^. 

The  above  facts  are  the  results  of  practical  experience, 
derived  from  actual  observation  of  such  occurrences,  guided 
by  an  intelligent  knowledge  o£  the  chemical  possibilities,  as 
demonstrated  by  experiment.  The  dust  of  anthracite  coal 
is  not  susceptible  of  explosion  under  the  prevailing  condi- 
tions, being  less  friable  and  requiring  a  higher  temperature 
to  distil  its  gases. 

901 .  Reducins  Uablllty  to  Explosion.—  The  liabil- 
ity to  accident  by  explosion  can  be  reduced  only  by  remov- 
ing, as  far  as  it  is  possible  to  do  so,  the  causes  and  conditions 
which  lead  to  such  explosions.  The  incipient  conditions  of 
a  mine  explosion  are,  with  rare  exceptions,  found  in  the 
following : 

{a)  A  body  of  marsh-gas,  collected  in  some  cavity  or 
recess  of  the  roof  or  disused  heading;  or  issuing  suddenly 
from  the  working  face,  as  a  feeder  or  an  outburst^  and  be- 
coming transformed  into  a  body  of  firedamp  by  its  mixture 
with  the  air  of  the  workings ;  and  the  presence  and  contact 
of  the  flame  of  a  naked  light,  or  a  defective  safety-lamp,  or 
the  projected  flame  of  a  blast,  or,  as  sometimes  occurs,  the 
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flame  of  a  safety-lamp  blown  through  its  gauze  by  the  force 
of  the  current,  or  the  force  of  a  blast,  to  which  it  has  been 
inadvertently  exposed. 

(d)  The  presence  of  a  considerable  quantity  of  fine  coal, 
in  the  form  of  dust,  in  close  proximity  to  a  working  face 
where  blasting  is  performed;  and  the  projection  of  the 
flame  of  a  blown-out  shot  of  such  volume  and  intensity  as  to 
effect  the  raising  of  a  cloud  of  the  dust,  and  to  convert  the 
same  into  an  incandescent  volume  generating  combustible 
gas.  This  action  has  been  proven,  by  the  convincing  results 
of  experiments  which  leave  no  room  to  doubt,  that  the  pres- 
ence of  marsh-gas,  while  it  stimulates  and  strengthens  the 
explosion,  is  by  no  means  essential  to  it. 

{c)  The  successive  and  quick  firing  of  several  shots,  in  a 
close  working  place,  may  precipitate  an  explosion,  from  the 
firing  of  considerable  volumes  of  carbonic  oxide  gas,  pro- 
duced in  the  discharge  of  the  first  shots. 


SAFETY-LAMPS. 


DESCRIPTION  OF  LAMPS. 

902«  General  Description. — A  safety-lamp  is  a  lamp 
of  special  construction.  In  appearance  it  very  much 
resembles  a  small  lantern,  which  it  is.  The  flame  is  com- 
pletely enclosed  in  wire  gauze  or  in  glass  and  wire-gauze 
casings,  which  prevent  its  contact  with  an  outside  body  of 
gas.  Its  use  serves  two  purposes;  viz.,  first ^  protection  in 
gaseous  workings  where  an  open  light  would  cause  serious 
results,  by  the  ignition  of  the  gas;  and,  second^  to  indicate 
to  the  miner  the  presence  of  gas. 

903.  Principle  of  tlie  Safety-Lramp. — From  our 
previous  study  of  combustion  (Art.  873),  we  have  learned 
that  the  temperature  of  the  burning  gases  must  not  fall 
below  the  point  of  ignition  of  those  gases,  or  the  flame  will 
be  extinguished.  Whenever  this  temperature  is  not  reached 
at  the  initial  points  of  reaction,  there  can  be  no  ignition,  and 
hence  no  flame. 
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Iq  safety-lamps,  the  isolation  of  the  flame  is  secured 
through  the  cooling  effect  of  the  wire  gauze  surrounding  it. 
The  gauze  permits  the  passage  of  air  or  gas,  but  flame  is 
extinguished  when  it  comes  in  contact  with  the  cool  gauze. 
(See  Art.  904.) 

904.  Effect  of  Cooling. — Flame  is  the  result  of  gases 
burning  at  a  white  heat.  The  temperature  of  ignition  for 
each  gas,  in  air,  is  a  fixed  point  capable  of  calculation,  and 
expresses  the  number  of  heat  units  evolved  in  the  reaction, 
less  the  heat  units  absorbed  and  rendered  latent  by  the 
products  of  the  combustion.  The  proximity  of  any  cooling 
surface  whatever  to  a  flame,  has  the  effect  of  reducing  the 
temperature  of  the  reacting  gases.  The  molecular  vibrations 
of  the  cooler  surface  are  so  sluggish  that  the  heat  of  the 
reaction  in  the  flame  is  converted  into  molecular  work, 
raising  the  temperature  of  the  cool  surface  to  a  certain 
extent,  but  extinguishing  the  flame  in  its  immediate  prox- 
imity. This  phenomenon  may  readily  be  observed  by 
presenting  a  flame  to  a  cool  surface,  when  it  will  be  seen 
that  the  flame  does  not  touch  the  surface,  but  is  separated 
by  a  thin  layer  of  gas  that  does  not  burn,  because  it  has 
been  cooled  below  the  point  of  ignition.  This  will  continue 
as  long  as  the  surface  remains  cool.  For  the  same  reason, 
one  may  put  a  very  cold  hand,  for  a  moment,  into  the  flame 
of  a  fire  without  burning  the  hand  or  feeling  the  heat. 

In  the  case  of  a  flame  impinging  against  a  cool  wire  gauze, 
or  other  perforated  surface,  the  conditions  are  very  favorable 
for  the  cooling  of  the  gases  of  the  flame  below  the  point  of 
ignition,  as  they  pass  through  the  small  openings.  The 
gases  are  divided  into  minute  streams  or  jets,  by  the  meshes 
of  the  gauze,  and  cooled  instantly,  being  thereby  extin- 
guished. 

905*  Temperature  of  Flame. — The  cooling  and 
extinguishing  of  a  flame  is  greatly  assisted  by  the  air-cur- 
rents pouring  towards  it,  and  diffusing  among  the  gaseous 
molecules.  This  action  of  the  air  isolates,  as  it  were,  each 
burning  hydrocarbon  particle.     Each  separate    particle   is 
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thus  surrounded  by  an  envelope  which  renders  more  pos- 
sible the  cooling  of  the  particle,  because  its  temperature  is 
somewhat  below  the  temperature  of  ignition  at  the  center. 
This  has  led  to  the  rather  indefinite  and  often  misleading 
phrase,  *^^  temperature  of  the  flame,'"  We  can  not  rightly 
speak  of  the  temperature  of  flame  except  in  a  general  way, 
because  it  is  not  a  definite  quantity,  but  depends  wholly 
upon  conditions  of  which  we  have  no  gauge,  and  we  find  a 
different  effective  temperature  in  different  parts  of  the 
same  flame. 

906«  Requirements  of  a  Good  Lramp. — Safety- 
lamps,  as  previously  stated,  are  used  for  two  separate  pur- 
poses, and  this  has  given  rise  to  two  types  of  lamps,  differing 
quite  widely  in  their  construction.     They  are: 

(a)  Lamps  for  general  mining  use. 
{b)  Lamps  for  testing  for  gas. 

The  requirements  a  good  lamp  must  possess,  for  the  pur- 
poses of  general  use  in  a  mine,  are  the  following: 

{a)  Safety  in  strong  currents. 
(/;)  Minimuin  liability  to  accident. 
{c)    Maximum  illuminating  power. 
(^/)  Diffusion  of  light  upwards. 

{e)    Simplicity  of  construction,  and  security  of  fastenings 
or  lock. 

907.  Davy  Lramp. — Fig.  115  shows  a  perspective  view 
of  this  lamp.  Fig.  110  is  a  sectional  view  of  the  same  lamp. 
The  Davy  lamp  admits  air  freely  through  the  lower  part  of 
the  gauze,  as  shown  by  the  arrows  2X  a  a\  while  the 
products  of  combustion  pass  out  through  the  upper  portion 
of  the  gauze  cylinder  b  b  and  the  gauze  plate  c  at  the  top  of 
the  lamp.  This  free  passage  of  the  gas-charged  air  in  and 
out  of  the  lamp  ensures  a  good  cap,  and  has  made  the 
Davy  lamp  a  favorite  with  fire  bosses,  notwithstanding  the 
danger  that  is  always  present  in  the  unbonneted  Davy  lamp 
of  the  flame  of  the  lamp  being  communicated  to  the  outside 
gas,  either  through  flaming  in  the  lamp  or  from  exposure 
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to  a  current.  The  lamp  is  not  safe  when  exposed  to  a  cur- 
rent of  a  greater  velocity  than  6  feet  per  second.  When 
gas  is  present  in  a  thin  stratum  at  the  roof,  its  presence  will 


not  be  revealed  by  the  Davy  lamp.  In  the  hands  of  a  care- 
ful and  experienced  man,  this  lamp  will  detect  the  presence 
of  gas  in  quantities  as  low  as  3  per  cent. 

90S.  Stephenson  Lamp. — This  lamp  consisted  of  a 
glass  chimney  surmounted  by  a  perforated  copper  cap  and 
surrounded  by  a  perforated  copper  shield.  The  lamp  gave 
a  poor  light,  and  was  immediately  supplanted  by  the  Davy 
lamp  with  gauze  covering. 

"909.  Geordy  Lamp. — This  lamp,  so  called  after 
George  Stephenson,  its  inventor,  was  a  combination  of  the 
glass  chimney  of  the  original  Stephenson  lamp  and  the  gauze 
of  the  Davy  lamp.  It  was  regarded  for  a  considerable  time 
as  a  thoroughly  reliable  and  safe  lamp.     It  gave  a  better 
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light  than  the  Davy  lamp,  and  for  a  while  came  into  quite 
extensive  use.  It  was  quiie  susceptible  tn  gas,  and  made  a 
good  lamp  for  testing,  because  the  gas-cap  could  be  more 
easily  distinguished  through  the  glass  than  through  the 
gauze,  although  the  caps  were  not  as  high  as  in  the  Davy 
lamp.  The  supply,  or  feed,  was  more  restricted,  and 
entered  the  lamp  below  the  flame  and  passed  out  through 
the  gauze  above  the  glass  chimney. 

910>  Clanny  L^mp.— This  lamp  was  designed  to 
secure  greater  protection  for  the  flame,  combined  with  a 
better  light,  than  was  provided  in  the  Geordy  lamp!  A  per- 
spective view  of  the  Clanny  lamp  is  shown  in  Fig.  1 17,  and  a 
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section  of  the  same  in  Fig.  118.  The  air,  instead  of  being 
admitted  below  the  flame,  as  in  the  Geordy  lamp,  is 
admitted  through  the  lower  portion  of  the  gauze  cylinder, 
just  above  the  glass,  and  descends,  within  the  lamp,  to  the 
flame. 
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The  lamp,  while  it  may  present  some  points  of  protection 
of  the  flame  against  strong  currents,  does  not  make  a  good 
tamp,  either  for  testing  or  for  general  purposes  of  illumina- 
tion. The  glass  is  apt  to  become  dimmed  by  the  smoke  of 
the  flame,  owing  to  the  interference  of  the  downward  and 
upward  currents  above  the  flame.  A  considerable  percen- 
tage of  gas  may  be  present  in  the  air  before  its  presence 
will  be  revealed  by  this  lamp.  The  lamp  loses  its  protective 
qualities  whenever  sufficient  gas  is  present  to  produce 
flaming. 

91 1.  Evan  Tbomas  Lamp. — This  is  an  improvement 
upon  the  Clanny  lamp,  in  two  points;  viz.,  the  air  drawn 
in  at  fl'(Fig.  119)  is  conducted  downwards  between  the  two 


glass  chimneys  with  which  the  lamp  is  provided,  and  enters 
the  lamp  below  the  flame.  The  upper  gauze  of  the  lamp  is 
provided  with  a  sheet-iron  bonnet,  which  is  a  great  protec- 
tion in  case  of  flaming  or  inner  explosion.     The  downward 
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current  of  cnol  air  serves,  also,  to  keep  the  glasses  cool,  and 
increases  their  power  to  transmit  light;  a  heated  glass 
always  impairs  the  transmission  of  light. 

Fig.  120  shows  another  type  of  this  lamp,  designed  for  the 
use  of  fire  bosses.  The  inner  glass  cylinder  is  replaced  by  a 
cylinder  of  gauze;  in  other  respects  the  principle  of  the 
lamps  is  the  same.  At  the  time  of  the  invention  of  this 
lamp,  the  study  and  designing  of  lamps,  with  respect  to 
securing  greater  protection,  received  renewed  attention,  and 
resulted  in  bringing  forward  various  devices  having  this  end 


012.  Marsaut  Lamp. — The  principal  feature  of  this 
lamp,  a  perspective  view  of  which  is  shown  in  Fig.  121  and 
a  section    of  the  same  in  Fig,   122,   is  the  milltiple-gauze 


chimneys.     The  lamp  shown  in  the  figure   (Fig.  122)  has 
three  of  these  gauze  chimneys,  one  over  the  other,  and  an 
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outer  bonnet  of  sheet  iron.  This  lamp  is  adapted  for  use  in 
strong  currents.  The  air  enters  the  lamp  above  the  glass 
chimney;  and  much  that  has  been  said  in  reference  to  the 
Clanny  lamp  in  this  respect  is  applicable  to  the  Marsaut, 

913.     Mueseler  Lamp.— This  lamp,  i>f  which  Fig.  123 
shows  a  perspective  view  and  Fig.  134  a  section,  presents  an 


important  departure.  It  is  the  first  lamp  introducing  a 
feature  calculated  to  increase  its  draft,  and  thereby  im- 
prove its  illuminating  power.  In  this  lamp  is  provided  a 
central  tube  or  chimney  d  of  sheet  iron,  conical  in  shape, 
and  held  in  position  by  a  horizontal,  perforated  diaphragm 
of  sheet  iron  c  i\  at  the  junction  of  the  gauze  and  glass 
cylinders.  The  air  enters  the  lamp  through  the  gauze  atrt  a, 
and,  passing  through  the  perforations  of  the  diaphragm,  is 
drawn  down  under  the  expanded  mouth  of  the  central 
chimney  and  in  close  proximity  to  the  flame.  The  draft 
of    this    chimney    increases    to    a    considerable    degree    the 
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illuminating  power  oi  the  lamp,  while  the  central  tube  adds 
very  largely  also  to  the  security  of  the  lamp  against  currents 
and  inner  explosions,  the  latter  sel- 
dom being  communicated  outside  of 
the  lamp.  It  is  not  a  lamp  adapted 
to  the  detection  of  gas.  but  it  has 
been  known  to  withstand  a  current  of 
100  feet  per  second, 

914.  Howofs     Deflector.— 

This  consists  of  an  annular  ring  A 
{Fig.  125),  so  arranged  as  to  deflect 
the  entering  current  of  air  down- 
wards upon  the  flame.  It  has  been 
fitted  to  the  Marsaut  lamp,  with  a 
marked  improvement  in  the  illumi- 
nating power  of  that  lamp. 

915.  Ash- 
«'ortta-Hep- 
p  le  w  h  I  te-G  r  ay 
Lamp. — Among 

Fio.  186.  the  lamps  of  spe- 

cial design  for  testing  for  gas,  that 
shown  in  Fig.  12fi  is  perhaps  the  most 
convenient,  and  combines  in  one  lamp 
many  of  the  best  features.  The  air, 
when  the  lamp  is  being  used  for  test- 
ing, enters  the  tops  of  the  four  stand- 
ards, as  shown  at  ti  a,  and,  passing 
di)wn  the  standards,  enters  the  lamp 
below  the  flame,  thereby  producing 
the  best  conditions  for  yielding  a  good 
gas-cap.  The  glass  chimney  i'  c  is 
made  slightly  conical,  tapering  towards 
the  top;  the  same  conical  shape  is,  also, 
given  to  the  gauze  chimney  g,  above 
the    glass.        The     gauze     chimney    is  F'o-  '«• 

bonneted.       The    conical    shape    of    the    glass   assists    the 
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upward  diffusion  of  the  liglit,  and  makes  the  inspection  of 
the  roof  easier;  while  the  same  shape  in  the  gauze  chimney 
renders  the  lamp  more  safe  and  secure  against  an  inner 
explosion  of  gas  being  communicated  outside  of  the  lamp. 
The  air  being  drawn  into  the  lamp  through  the  top  of  the 
standards,  makes  it  possible  with  this  lamp  to  detect 
a  thin  stratum  of  gas  near  the  roof.  When  not  in  use  for 
testing,  the  air  may  be  admitted  at  the  bottom  of  the  stand- 
ards, at  b  b,  by  moving  a  little  shutter  that  closes  them. 

01 6,  Pleler  Lamp. — This  lamp,  shown  in  Fig.  127,  is  a 
gauze  lamp,  similar  to  a  Davy  lamp,  but 
burns  alcohol  instead  of  oil,  in  order  to  ren- 
der the  observance  of  the  gas-caps  easier. 
In  its  safest  form,  the  gauze  is  bonneted 
by  a  sheet-iron  bonnet,  the  gas-caps  being 
observed  through  a  glass  window.  This 
window  is  very  apt  to  become  dimmed 
with  smoke  and  moisture,  and  impair  the 
observance  of  the  caps.  The  lamp  is  pro- 
vided with  a  shield  c,  surrounding  the 
flame,  and  the  latter  is  adjusted  so  that 
its  tip  does  Hot  extend  above  the  top  of 
the  shield. 

This  lamp  was  designed  by  the  inventor 
to  yield  a  standard  flame  which  would 
always  present  a  certain  height  and  vol- 
ume, and  yield  flame-caps  of  a  uniform 
height,  for  given  percentages  of  gas. 
The  following  table  was  prepared  by  him  fw.  m. 

to  show  the  percentage  of  gas  corresponding  to  different 
heights  of  flame-caps. 

^  per  cent,  of  gas  yields  a  cap  1.25  inches  high. 
^  per  cent,  of  gas  yields  a  cap  2.0(J  inches  high. 

1    per  cent,  of  gas  yields  a  cap  ;i.50  inches  high. 

H  per  cent,  of  gas  yields  a  cap  i."h  inches  high. 

I  cap  reaches  the  top  of  the  lamp,  and 

If  per  cent,  of  gas  J  beyond    this   percentage   of  gas  the 
'  lamp  fills  with  flame. 
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The  heights  of  these  caps  are  measured  from  the  top  of  the 
shield  c.  The  lamp  flames  easily,  in  a  mixture  containing 
more  than  If  per  cent,  of  gas,  and  is,  therefore,  a  source  of 
danger,  and  requires  great  care  and  caution  in  its  use.  Any 
variation  in  the  strength  of  the  alcohol  varies  the  height  of 
the  flame.  The  flame  is,  therefore,  not  strictly  a  standard 
flame. 

917.    Tlie  Illuminating  Power  of  Safety-Lamps. — 

The  amount  of  light  given  off  by  any  safety-lamp  is  much 
less  than  that  of  the  ordinary  naked  light  used  in  mines. 
Table  22  gives  the  comparative  illuminating  power  of  some 
of  the  various  lamps  described.  The  light  of  a  sperm  candle 
is  taken  as  1,  or  unity. 

TABLE  22. 


Name  of  Lamp. 


Davy 

Geordy 

Clanny 

Mueseler 

Evan  Thomas 

Marsaut,  3  gaUzes 

Marsaut,  2  gauzes 

Howat's  Deflector 

Ashworth-Hepplewhite-Gray 


Illuminating  Power 

of  Lamp,  with  a 

Candle  Taken  as  1, 

or  Unity. 


0.16 
0.10 
0.20 
0. 35 
0.45 
0.45 
0.55 
0.65 
0.65  (about) 


918*  Flame-Caps  or  Gas-Caps. — By  experiment,  it 
has  been  determined  that  the  presence  of  carbonic  acid  gas, 
even  to  the  extent  of  5  per  cent.,  has  no  effect  upon  the 
fiame-cap. 

It  has  also  been  ascertained  that  the  height  of  the  flame- 
cap  changes  with  the  size  and  height  of  the  flame  itself,  and 
also  with  the  oil  used  to  produce  the  flame. 
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919.  The    Oil     Utted    la     Safety-Lamps. — All    the 

lamps  described,  with  the  exception  of  the  improved  Ash- 
worth- Hepplewhite-Gray  and  the  Pieler  lamps,  are  con- 
structed to  burn  either  vegetable  or  seal  oil.  In  the  last 
two,  light  mineral  oils  are  burned. 

According  to  the  English  Mine  Commission,  the  safest  oils 
to  use  are  vegetable  oils,  such  as  rape,  made  from  rape-seed, 
and  colza,  made  from  cabbage-seed,  and  seal  oil.  None  of 
these  are  explosive.  Petroleum  used  alone  is  liable  to  ex- 
plode, and  should  be  avoided. 

In  point  of  brilliancy,  the  tlame  of  a  lamp  burning  seal 
oil  is  superior  to  one  burning  either  rape  or  colza  oil,  and 
the  wick  is  less  liable  to  become  charred. 

By  addition  of  one  part  of  petroleum  to  two  parts  of  rape 
or  seed  oil,  the  light  is  increased. 

Many  of  the  oils  in  common  use  in  safety-lamps  have  a 
tendency  to  encrust  the  wick  and  thereby  lower  the  flame. 
Sometimes  petroleum  or  benzine  has  been  added  to  the  oil, 
which  reduces  this  tendency,  and  yields  a  better  flame  for 
testing  purposes.  Alcohol  yields  a  hotter  and  less  luminous 
flame  and  a  much  higher  cap.  In  some  cases,  a  hydrogen 
flame  has  been  used  for  testing  purposes.  The  hydrogen  is 
compressed  into  a  small  steel  cylinder  attached  to  the  lamp, 
and  is  burned  in  the  lamp  at  the  mouth  of  a  small  tube. 
This  apparatus  gives  a  standard  flame  for  testing,  but  it 
can  not  always  be  conveniently  obtained. 

920.  Locks  for  i^afety-LampS' — All  safety-lamps 
should  be  securely  locked,  and  in  such  a  manner  as  to  pre- 
clude the  possibility  of  being  tampered  with.  Screw-pins 
are  not  an  adequate  protection. 

The  best  lock,  for  security  and 
cheapness,  is  the  lead-plug  lock, 
shown  in  Fig.  128. 

On  the  right-hand  side   of  the 
oil-vessel  of  the  lamp  a  pin  pro- 
jects, with  a  hole  in  it.      Around  fio.  i» 
the  bottom  of  the  top   part   of   the  lamp  there  is  a  thin. 
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movable,  metal  ring  Ry  and  to  this  ring  is  fixed  a  hinged 
latch. 

The  ring  is  turned  around,  until  the  latch  drops  over  the 
pin.  A  small  plug  of  soft  lead  is  put  through  the  hole  in  the 
pin,  to  prevent  the  hinged  latch  from  being  lifted,  and 
this  lead  plug  is  punched  flat  at  both  ends,  to  prevent  it 
from  being  pulled  out.  The  plugs  are  cast  in  a  mold,  at 
the  colliery ;  and,  as  they  are  cut  to  pieces,  in  the  lamp  room, 
when  the  lamp  is  returned  to  be  cleaned,  they  are  collected 
and  remelted,  and  the  lead  is  used  over  and  over  again. 
To  prevent  tampering  with  the  lead  plug,  it  is  punched  up 
at  both  ends,  with  a  punch  containing  a  letter  of  the  alpha- 
bet. These  letters  are  interchangeable,  and  it  is  usual  to 
use  a  new  letter  each  day,  so  that  the  workmen  can  not 
counterfeit  them. 

Machines  are  used  for  locking  these  lamps,  and  other 
machines  for  cleaning  them.  Safety-lamps  should  be 
thoroughly  cleansed  at  the  close  of  every  shift  and  put  in 
readiness  for  another  day. 


TESTING  FOR  FIREDAMP  IN  MINES. 

921  •  Tbe  Fire  Boas. — The  duties  devolving  upon  a  fire 
boss  are  of  a  very  serious  nature.  In  his  hands  is  often  placed 
the  safety  of  every  man  in  the  mine.  A  simple  oversight 
upon  his  part  may  result  in  the  most  appalling  catastrophe. 

The  safety-lamp,  at  the  present  time,  is  the  only  practical 
means  at  the  disposal  of  this  man  for  the  detection  of  fire- 
damp. According  to  the  good  condition  and  sensitiveness 
of  the  lamp,  and  the  experience  of  the  man,  his  report  of  the 
condition  of  each  working  place  and  section  of  the  mine 
under  his  charge  is  more  or  less  accurate.  That  the  fire 
boss  should  be  a  careful,  painstaking,  and  conscientious 
man  is  readily  seen  upon  a  little  reflection.  Suppose,  for 
example,  a  current  of  50,000  cubic  feet  of  air  per  minute  is 
being  furnished  to  a  certain  section  of  a  gaseous  mine.  In 
this  section,  perhaps,  the  fire  boss  may  detect  a  small  per- 
centage of  gas  in  the  current,  say  ^  of  one  per  cent.     The 
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total  flow  of  gas  is  then  |  of  j+tt  of  50,000  =  250  cubic  feet 
per  minute.  If  a  door  is  left  open  upon  the  airway,  or  a  fall 
occurs  so  as  to  reduce  the  current,  say,  to  3,000  cubic  feet 
of  air  per  minute,  this  gas  will  render  the  reduced  current 
explosive  in  a  very  short  time,  and  only  prompt  and  de- 
cisive action  on  the  part  of  the  fire  boss  will  avert  a  catas- 
trophe. 

922.  Testing  by  Lamp. — The  use  of  the  lamp,  for 
the  purpose  of  testing  for  gas,  depends  upon  the  observing 
of  the  height  of  a  pale,  bluish  tip,  or  cap,  to  the  flame  of 
the  lamp.  If  the  lamp  flame  is  too  bright,  a  small  gas-cap 
can  not  be  seen,  as  the  eye  will  be  blinded  by  the  light  of 
the  flame. 

For  this  reason  the  non-luminous,  alcohol  or  hydrogen 
flames  are  better  adapted  for  observing  the  gas-cap.  The 
body  of  the  flame  should  be  screened  from  the  eye  while 
taking  an  observation.  This  is  sometimes  effected  by  hold- 
ing the  hand  between  the  flame  and  the  eye,  or  by  inter- 
posing a  metallic  screen,  as  in  the  Pieler  lamp. 

The  flame  of  the  lamp  is  usually  lowered  to  a  small  size 
when  testing,  and  it  is  always  best  to  adopt  a  uniform  size 
of  flame,  to  ensure  uniform  results.  No  quick  movement 
must  be  made.  In  case  of  flaming  in  the  lamp,  coolness 
and  presence  of  mind  are  necessary  to  remove  the  lamp 
carefully  from  the  gaseous  body.  A  quick  movement  will 
precipitate  an  explosion  by  the  forcing  of  the  inner  flame 
through  the  hot  gauze. 

A  good  lamp  for  testing  purposes  will  have  a  free  ad- 
mission of  air,  preferably  below  the  flame.  The  background 
of  the  flame,  or  the  gauze  through  which  the  flame  is  ob- 
served, should  present  no  reflecting  surfaces,  as  any  reflec- 
tion interferes  seriously  with  the  sensitiveness  of  the  obser- 
vation. 

The  lamp  is,  thus  far,  the  most  practical  means  at  our 
disposal  for  gas-testing  in  mines.  The  percentages  of  gas 
in  the  air,  determined  by  its  use,  are  necessarily  only  ap- 
proximately accurate;   but  the  determination   is   made  at 
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once  at  the  point  where  the  gas  has  accumulated,  and  the 
value  of  this  approximate  knowledge  can  not  be  disputed. 

923.  Testtnc  by  MachlneB. — Undoubtedly  the  Shaw 
Gas-Testing  Machine,  a  view  of  which  is  shown  in  Fig.  129, 
is  the  most  accurate,  simple,  and  complete  mechanical  de- 
vice for  this  purpose  known.  Its  use,  however,  is  restricted 
largely  by  its  lack  of  portability.  On  account  of  this,  it  can 
not  replace  the  method  of  testing  for  gas,  at  the  working 
faces,  by  means  of  the  safety-lamp. 

The  machine  consists  of  two  cylinders,  or  pump-barrels,  A 
and  B,  constructed  of  such  relative  size,  and  so  connected 


to  a  common  lever  G,  as  to  pump  relative  quantities  of  gas 
and  air  into  an  ignition-chamber  Z.  One  of  the  pump- 
cylinders  A  is  stationary  and  pumps  air,  while  the  other 
cylinder  B  is  so  arranged  as  to  be  movable,  and  can  be  set 
to  pump  any  proportionate  amount  of  gas.  Thus,  it  is  easy 
to  so  arrange  these  two  cylinders  that  a  definite  mixture  of 
gas  and  air  will  be  pumped  into  the  ignition-chamber.  The 
beam,  or  lever,  is  graduated  to  read  the  percentage  of  gas 
pumped. 

The  ignition-chamber  Zis  a  cylinder  having  a  loose  piston. 
The  mixture  pumped  into  this  chamber  strikes  first  against 
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the  piston,  at  the  left-hand  end  of  the  cylinder,  and,  filling 
the  cylinder,  is  expelled  through  an  igniting  nozzle  at  the 
opposite  end.  If  the  mixture  is  explosive,  its  ignition  and 
explosion  drives  the  piston  forcibly  against  the  gong  y, 
at  the  end  of  the  cylinder.  The  ignition  is  accomplished  by 
a  small  gas-jet,  or  other  flame  burning  at  the  discharge  ori- 
fice of  the  chamber. 


MINE  VENTILATION 

(PART   1.) 


INTRODUCTORY. 


GRAVITATION. 

924.  As  a  knowledge  of  gravitation  and  the  laws  of 
falling  bodies  is  necessary  in  the  study  of  mine  ventilation, 
these  subjects  will  be  briefly  treated  before  the  principles 
governing  the  flow  of  air  are  discussed. 

926*  All  bodies  in  the  universe  exert  a  certain  attract- 
ive force  on  every  other  body,  which  tends  to  draw  the 
bodies  together.  This  attractive  force  is  called  ffravita- 
tlon. 

If  a  body  is  held  in  the  hand,  a  downward  pull  is  felt,  and 
if  let  go  of  will  fall  to  the  ground.  This  pull  is  commonly 
called  weighty  but  it  really  is  the  attraction  between  the 
earth  and  the  body. 

926.  Force  of  gravity  is  a  term  used  to  denote  the 
attraction  between  the  earth  and  bodies  upon  or  near  its 
surface.  It  always  acts  in  a  straight  line  between  the  cen- 
ter of  the  body  and  the  center  of  the  earth.  The  force  of 
gravity  varies  at  points  on  the  earth's  surface. 

It  is  slightly  less  on  the  top  of  a  high  mountain  than  at 
the  level  of  the  sea.  For  this  reason  the  weight  of  a  body 
also  varies.  But  if  the  weight  of  a  body  at  any  place  be 
divided  by  the  force  of  gravity  at  that  ^lace,  the  result  is 
called  the  mass  of  the  body. 

927*     The  mass  of  a  body  is  the  measure  of  the  actual 
amount  of  matter  that  it  contains,  and  is  ahvays  the  same. 
If  the  mass  of  the  body  is  represented  by  ;//,  its  weight 
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by    Wy  and  the  force  of  gravity  at  the  place  where  the  body 
is  weighed  by  ^,  we  have 

weight  of  body  IV  /«.^  x 

mass  =  >   -  -  .' —-,  or  ;;/  =  — .  (23.) 

force  of  gravity  ^  ^         ' 

928.  Law  of  Gravitation  : 

T/ie  force  of  attraction  by  which  one  body  tends  to  draw 
another  body  towards  it  is  directly  proportional  to  its  mass, 
and  inversely  proportional  to  the  square  of  the  distance  be- 
tween their  centers. 

929.  Lawsi  of  Weifflit : 

Bodies  weigh  most  at  the  surface  of  the  earth.  Below  the 
surface^  the  iviight  decreases  as  the  distance  to  the  center 
decreases. 

Above  the  surface y  the  weight  decreases  as  the  square  of  the 
distance  increases. 

Illustration. — If  the  earth's  radius  is  4,000  miles,  a 
body  that  weighs  100  pounds  at  the  surface  will  weigh 
nothing  at  the  center,  since  it  is  attracted  in  every  direction 
with  equal  force.  At  1,000  miles  from  the  center  it  will 
weigh  25  pounds,  since 

4,000  :  1,000  =  100  :  25. 

At  2,000  miles  from  the  center  it  will  weigh  50  pounds, 

since 

4,000  :  2,000  =  100  :  50. 

At  3,000  miles  from  the  center  it  will  weigh  75  pounds, 
and  at  the  surface,  or  4,000  miles  from  the  center,  it  will 
weigh  100  pounds.  If  carried  still  higher,  say  1,000  miles 
from  the  surface,  or  5,000  miles  from  the  center  of  the  earth, 
it  will  weigh  64  pounds,  since 

5,000'  :  4,000'=  100  :  04. 

At  4,000  miles  from  the  surface  it  will  weigh  25  pounds, 

since 

8,000'  :  4,000'  =  100  :  25. 
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930.     Formulas  for  Gravity  Problems : 

Let  W  =  weight  of  body  at  the  surface ; 

zv  =  weight  of  a  body  at  a  given  distance  above  or 

below  the  surface ; 
d  =  distance  between  the  center  of  the  earth  and 

the  center  of  the  body ; 
R  =  radius  of  the  earth  =  4,000  miles. 

Formula  for  weight  when  the  body  is  below  the  surface, 

zvR^d  W,  (24.) 

Formula  for  weight  when  the  body  is  above  the  surface, 

WiV  ^  WR\         (25.)  ■ 

ExAAiPLE. — How  far  below  the  surface  of  the  earth  will  a  25-pound 
ball  weigh  9  pounds  ? 

Solution. — Use  formula  24,  w  R  =  dlV. 
Substituting  the  values  of  R,  JV,  and  iv,  we  have 

9X4,000  =  ^/X25; 
or  ti=z  — -^ =  1,440  miles  from  the  center.     Ans. 

Example. — If  a  body  weighs  700  pounds  at  the  surface  of  the  earth, 
at  what  distance  above  the  earth's  surface  will  it  weigh  112  pounds  ? 

Solution. — Use  formula  25,  w  d^  —  W R}. 
Substituting  the  values  of  R^  IV,  and  w,  we  have 

112  Xrtr«  =  700x4,000*; 


.../!?>X4d*?J!  =  10.000  miles. 


-f  112 

Therefore,  10.000  —  4,000  =  6,000  miles  above  the  earth's  surface. 

Ans. 

Example. — The  top  of  Mt.  Hercules  was  said  to  be  32,000  feet,  say 
6  miles,  above  the  level  of  the  sea.  If  a  body  weighs  1,000  pounds  at 
sea-level,  what  would  it  weigh  if  carried  to  the  top  of  the  mountain  ? 

Solution.—    7vd''  =  IVR^\  or,  7(/  x  4,006«  =  1,000  x  4,000'^; 

,  4,000»x  1,000      _^^ 

whence,  w  = •  =  997  pounds.     Ans. 

4,  (MM)- 


BXAMPLBS  FOR  PRACTICE. 

1.  How  much  would   1,000   tons  of  coal,  weighed  at   the  surface, 
weigh  one  mile  below  the  surface  ?  Ans.  1,999,500  lb. 

2.  How  much  would  the  coal  in  example  1  weigh  one  mile  above 
the  surface?  Ans.   1,999,000  1b.,  nearly. 
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3.  How  far  above  the  earth's  surface  would  it  be  necessary  to  carry 
a  body  in  order  that  it  may  weigh  only  half  as  much  ? 

Ans.   1.056.854  miles,  nearly. 

4.  A  man   weighs   160  pounds  at  the  surface;   how  much   will  he 
neigh  50  miles  below  the  surface  ?  Ans.   158  lb. 

!>.     If  a  body  weighs  100  pounds  400  miles  above  the  earth's  surface, 
'  how  much  will  it  weigh  at  the  surface  ?  Ans.  131  lb. 

NoTB.— Use  4,000  miles  as  the  "radius  of  the  earth. 

PALLING    BODIES. 
931.     l(  a  leaden  ball  and  a  piece  of  paper  are  dropped 
from  the  same  height,  the  bail  will  strilce  the  ground  first. 
This  is  not  because  the  leaden   ball   is  the  heavier,  but  be- 
cause the  resistance  of  the  air  has  a  greater 
retarding  effect  upon  the  paper  than  upon  the 
ball.     If  we  placed  this  same  leaden  ball  and 
a  piece  of  paper  in  a  glass  tube.   Fig.   130, 
from  which  all  of  the  air  has  been  exhausted, 
■  it  would  be  found  that,  when  the  tube  was  in- 
verted,  both  would  drop  tothe  bottom  in  ex- 
'  actly  the  same  time.     This  experiment  proves 
that  it  was  only  the  resistance  of  the  air  that 
caused  the  ball  to  reach  the  ground  first  in 
the   former   experiment.     This   resistance  of 
the  air  may  be  nearly  equalized  by  making  the 
two  bodies  of  the  same  shape  and  size.     For 
example,  if  a  wooden  and  an  iron  ball,  having 
equal  diameters,  were  dropped  from  the  same 
height,    they    would    strike    the    ground    at 
i  almost   exactly   the   same   instant,    although 
Pio.  i3a        the   iron   ball   might  be  ten   times  as  heavy 
as  the  wooden  ball. 

Suppose   there   were  several   leaden   balls,   as   shown   in 
Fig.  131,  at  a;  it  is  obvious  that  if  ^ 

they    were    dropped     together,     ail         ci"/i    a         £^ 
would  strike  the  ground  at  the  same  "  ^1^ 

time.     If  the  balls  were  melted  to-  fig.  isi. 

gether  into  one  ball,  as  /',  they  would  still  fall  together,  and 
strike  the  ground  in  the  same  time  as  before. 


I. 
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Since  a  number  of  horses  can  not  run  a  mile  in  less  time 
than  a  single  horse,  so  100  pounds  can  fall  no  farther  in  a 
given  time  than  1  pound  can. 

932*  Acceleration  is  the  rate  of  increase  of  velocity. 
If  a  force  acts  upon  a  body  free  to  move,  then,  according  to 
the  first  law  of  motion,  it  will  move  forever  with  the  same 
velocity  unless  acted  upon  by  another  force. 

Suppose  that,  at  the  end  of  one  second,  the  same  force 
were  to  act  again,  the  velocity  at  the  end  of  the  second 
second  would  be  twice  as  great  as  at  the  end  of  the  first 
second.  If  the  same  force  were  to  act  again,  the  velocity 
at  the  end  of  the  third  second  would  be  three  times  that  at 
the  end  of  the  first  second.  So,  if  a  constant  force  acts 
upon  a  body  free  to  move,  the  velocity  of  the  body  at  the 
end  of  any  time  will  be  the  velocity  at  the  end  of  one  second, 
multiplied  by  the  number  of  seconds. 

This  constant  force  is  called  a  constant  acceleratins: 
force,  or  constant  retarding:  force,  according  as  the 
velocity  is  constantly  increased  or  decreased. 

If  a  body  is  dropped  from  a  high  tower,  the  velocity  with 
which  it  approaches  the  ground  will  be  constantly  increased 
or  accelerated ;  for  the  attraction  of  the  earth,  or  fcrce  of 
gravity,  is  constant  and  acts  upon  the  body  as  a  constant 
accelerating  force.  It  has  been  found  by  careful  experi- 
ments that  this  force  of  gravity,  or  constant  accelerating 
force  on  a  freely  falling  body,  is  equivalent  to  giving  the 
body  a  velocity  of  32.16  feet  in  one  second;  it  is  always  de- 
noted by  g.  As  was  mentioned  before,  g  varies  at  different 
points  on  the  earth,  being  32.0902  at  the  equator  and 
32.2549  at  the  poles.  Its  value  for  this  latitude  (about  41° 
25'  north)  is  very  nearly  32.16,  and  this  value  should  always 
be  used  in  solving  problems.  It  has  also  been  found  by  ex- 
periment that  a  freely  falling  body  starting  from  rest  will 
have  fallen  16.08  feet  at  the  end  of  the  first  second;  64.32 
feet  at  the  end  of  the  second  second;  144.72  feet  at  the  end 
of  the  third  second;  257.28  feet  at  the  end  of  the  fourth 
second,  etc.,  all  of  which  are  shown  in  the  diagram,  Fig.  132. 
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Since  "*=^'^  -  4  -  2'-  ^^"^"^^^  -  9  -  3'-  ^^"^'^^^  -  hi  -  4' 

and  2',  3',  4*  are  the  squares  of  the  number  of  seconds  dur- 
ing which  the  body  falls,  it  is  easy  to  see  that  the  space 
through  which  a  body  free  to  move  will  fall  in  a  given  time 
is  equal  to  16.08  multiplied  by  the  square  of  the  time  in 
seconds. 

Oft    1  c 

Since  16.08  =  — [r—  =  ^  jfy  the  space  =  ^  g-  x  square  of 
time  in  seconds. 

933.     Formulas  for  Falling  Bodies : 

Let  g"  =  force   of   gravity  =  constant  accelerating   force 
due  to  the  attraction  of  the  earth ; 
/  =  number  of  seconds  the  body  falls; 
V  =  velocity  at  the  end  of  the  time  /; 
A  =  distance  that  a  body  falls  during  the  time  t. 

v  =  gt,  (26.) 

That  is,  the  velocity  acquired  by  a  freely  falling  body  at  the 
end  of  t  seconds  equals  32.16,  multiplied  by  the  time  in 
seconds. 

Example. — What  is  the  velocity  of  a  body  after  it  has  fallen  4  sec- 
onds, assuming  that  the  air  offered  no  resistance  ? 

Solution. — Using  formula  26, 

2/  =  ^  /  =  32.16  X  4  =  128.64  feet  per  second.     Ans. 

/  =  -.  (27.) 

That  is,  the  nu?nber  of  seconds  djiring  which  a  body  must 
Itave  fallen  to  acquire  a  given  velocity  equals  the  given  velocity 
in  feet  per  second,  divided  by  32. 16. 

Example. — A  falling  body  has  a  velocity  of  192.96  feet  per  second; 
how  long  had  it  been  falling  at  that  instant  ? 

Solution. — Using  formula  27, 

^      7/      192.96       _  .         . 

/  =    -  =   -  ^  ,—  —  6  seconds.     Ans. 
g       82.16 
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That  is^  the  height  from  which  a  body  must  fall  to  acquire 
a  give7i  velocity  equals  the  square  of  the  given  velocity^  divided 
by2x  32. 16. 

Example. — From  what  height  must  a  stone  be  dropped  to  acquire  a 
velocity  of  24,000  feet  per  minute  ? 

Solution. —    24,000  -s-  60  =  400  feet  per  second.    Using  formula  28, 

,         7/«  400*  160,000        ^  .orfKac      .         A 


V  =  4/27X  (29.) 

That  isy  the  velocity  that  a  body  will  acquire  in  falling 
through  a  given  height  equals  the  square  root  of  the  product 
of  twice  32. 16  and  the  given  height. 

Example. — A  body  falls  from  a  height  of  400  feet  ;  what  will  be  its 
velocity  at  the  end  of  its  fall  ? 

Solution. — Using  formula  29, 
V  =  ^'^gh  =  |/3x  32.16X400  =  160.4  feet  per  second.     Ans. 

k  =  \gl''  (30.) 

That  is,  the  distance  a  body  will  fall  in  a  given  time  equals 
32.16  -T-  2,  multiplied  by  the  square  of  the  number  of  seconds. 

Example. — How  far  will  a  body  fall  in  10  seconds? 
Solution. — Using  formula  30, 

>l  =  1^  /«  =  I  X  32. 16  X  10*  =  1,608  feet.     Ans. 

/  =  4/M  (31.) 

g 

That  is,  the  time  it  ivill  take  a  body  to  fall  through  a  given 
height  equals  the  square  root  of  twice  the  height,  divided  by 
32. 16. 

Example. — How  long  will  it  take  a  body  to  fall  4,116.48  feet  ? 
Solution. — Using  formula  31, 


^       ./2x  4,116.48      ,-  ,        A 

/  =  4/ .,^  ;r^ =  16  seconds.     Ans. 

f  0<6.  lO 

A  body  thrown  vertically  upwards  starts  with  a  certain 
velocity  called  the  initial  velocity.  In  this  case  gravity 
acts  as  a  constant  retarding  force.  The  formulas  given 
above  will  also  apply  in  this  case. 
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Example.— ^I£  a  cannon-ball  is  shot  vertically  upwards  with  an 
initial  velocity  of  2,000  feet  per  second,  {a)  how  high  will  it  go  ?  (£) 
How  long  a  time  must  elapse  before  it  reaches  the  earth  again  ? 

Solution. — (a)  Using  formula  28, 

f..i  Q  A0A9 

A=~  =  2   ^^iQ  =  ^^»1®®  ^®^t»  nearly,  =  11.778  miles.     Ans. 

To  find  the  time  it  takes  to  reach  a  height  of  62,189  feet,  use 

formula  27. 

,     V      2,000      ^^.^  , 

/  =  -•  =  sTT-rs  =  62.19  seconds. 
^      82. 16 

Since  it  will  take  the  same  length  of  time  to  fall  to  the  ground, 
the  total  time  will  be  62.19x2=124.38  seconds  =  2  minutes  4.88 
seconds.     Ans. 

THE   NECESSITY    OF   VENTILATION. 

934.  Ventilation  is  the  replacing  of  the  foul  air 
contained  in  an  enclosed  space  by  fresh  air  from  the 
atmosphere. 

To  a  person  accustomed  to  working  out  of  doors  the  ne- 
cessity of  ventilation  is  not  apparent.  He  breathes,  and  the 
foul  gas  exhaled  from  his  lungs  dissipates  into  the  ocean 
of  atmosphere  about  him,  leaving  no  trace  behind,  so 
rapidly  is  it  diluted  by  the  ever-moving  air  around  him. 
When  he  descends  into  a  mine,  the  case  is  widely  different. 
Here,  unless  assisted  by  artificial  means,  the  air-currents 
move  very  slowly  or  not  at  all.  Poisonous  gases  from  the 
workings  must  be  diluted  by  fresh  air ;  the  men  require  a 
certain  amount  of  fresh  air  to  sustain  life  ;  the  lamps  require 
a  certain  amount  in  order  that  they  may  burn  and  give  forth 
light;  the  horses  or  mules  require  still  more;  air  or  an  air- 
current  is  required  for  other  purposes.  The  result  of  all 
this  is  that  unless  a  constant  supply  of  fresh  air  is  being 
circulated  through  the  mine,  it  very  soon  becomes  impossible 
for  men  or  animals  to  live  in  it — much  less  work  there. 

The  science  of  mine  ventilation  may  be  comprised  under 
three  general  headings: 

1.  The  quantity  of  air  required. 

2.  The  laws  governing  the  flow  of  air  through  mines. 

3.  The  means  for  inducing  the  flow  of  air  through  mines. 
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THE   QUANTITY    OF    AIR    REQUIRED. 

935.  The  question  as  to  what  amount  of  air  is  necessary 
in  mines  does  not  admit  of  an  exact  answer.  No  two  mines 
present  the  same  conditions,  and  what  is  an  ample  provision 
of  air  in  one  mine  is  inadequate  in  another. 

As  each  man  requires  a  certain  amount  of  pure  air  at 
every  breath,  it  has  been  the  rule  in  the  past  to  select  one 
man  as  the  unit  of  calculation,  and  to  allow  so  many  cubic 
feet  for  every  man  employed  underground.  Some  writers 
have  made  additional  allowances  for  the  mules  and  lamps. 

Any  estimate  based  on  these  lines  is  mere  guesswork. 
The  amount  of  air  necessary  for  the  support  of  life  and  the 
combustion  of  lights  is  insignificant  in  comparison  with  the 
other  requirements. 

A  man  requires  a  quantity  of  air  which  varies  according 
to  the  exertion  he  is  making,  and  this  quantity,  for  a  miner, 
may  be  estimated  at  28  cubic  feet  per  hour,  or  half  a  cubic 
foot  per  minute.  A  lamp  consumes  about  the  same  quan- 
tity, and  a  mule  about  six  times  as  much  as  a  man. 

A  considerable  quantity  of  air  is  required  to  render  harm- 
less the  gas  transpiring  from  the  coal.  If  this  gas  were 
given  off  regularly,  a  correct  estimate  of  the  quantity  of  air 
required  to  dilute  and  render  it  harmless  could  be  arrived 
at;  but,  owing  to  sudden  outbursts,  this  can  not  be  done. 

A  shallow  mine  is  more  likely  to  have  had  the  gas  drained 
off  by  the  nearness  of  the  seam  to  the  surface,  and  is,  there- 
fore, not  likely  to  require  so  much  air  for  the  removal  of 
gas,  in  working,  as  a  deep  mine. 

A  change  in  the  barometer  has  a  decided  influence  upon 
the  ventilation.  A  low  barometer  indicates  a  lighter  weight 
of  the  air,  and  this,  by  reducing  the  pressure,  assists  in  the 
freer  admission  of  standing  gas  from  the  goaves  and  disused 
workings,  and  makes  necessary  an  increased  quantity  of  air 
to  remove  this  gas.  Heated  air  requires  more  fresh  air  to 
reduce  the  temperature  and  make  the  atmosphere  of  the 
mine  healthy  and  comfortable  for  the  workmen. 

At    the    same    time,   it    is    necessary   to   remember  that, 
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aicnough  the  current  should  be  sufficiently  strong  to  enable 
it  to  be  felt  if  the  face  is  turned  towards  it,  it  must  still  not 
be  so  strong  as  to  chill  those  who  enter  it  while  sweating. 

936.  The  laws  relating  to  the  ventilation  of  coal-mines 
in  the  different  States  of  the  Union  require,  with  two 
exceptions,  a  minimum  of  100  cubic  feet  of  air  per  man  per 
minute.  The  Anthracite  Mine  Law  of  Pennsylvania  fixes 
200  cubic  feet  per  man  per  minute  as  the  minimum.  The 
law  of  the  State  of  Maryland  fixes  no  minimum,  but  requires 
that  the  mine  **  shall  be  in  a  healthful  condition  for  the  men 
working  therein."  The  English  Mines  Regulation  Act  of 
1887  requires  **  sufficient  to  dilute  and  render  harmless  all 
noxious  gases." 

937.  Instead  of  attempting  to  fix  the  quantity  required 
at  so  much  per  man,  it  would  be  better  to  class  the  mines  in 
each  district  into  groups,  having  reference  to  the  number  of 
men  employed,  the  area  of  the  workings,  the  output,  the 
nature  of  the  coal,  the  depth  of  the  workings  from  the  sur- 
face and  the  general  conditions  regarding  the  amount  of  gas 
evolved,  etc.,  and  to  make  an  average  estimate  of  the  vol- 
ume required  for  the  mines  of  each  group. 

In  such  a  classification,  the  increase  of  the  ventilation 
would  be  in  accordance  with  the  importance  of  the  different 
requirements.  These  requirements  may  be  summarized  as 
follows  : 

The  total  quantity  of  air  required  should  increase — 

1.  With  the  maximum  number  of  men  employed; 

2.  With  the  maximum  number  of  mules  in  use; 

3.  With  the  maximum  quantity  of  explosives  used ; 

4.  With  the  maximum  daily  output; 

5.  With  the  depth  of  the  seam  from  the  surface 

6.  With  the  thickness  of  the  seam; 

7.  With  the  extent  of  the  live  workings; 

8.  With  the  extent  of  the  gob. 

The  volume  of  air  to  be  allowed  for  these  causes  can  be 
determined  only  after  careful  and  exhaustive  research,  but, 
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if  determined,  it  would  ensure  safety  much  more  certainly 
than  the  minimum  system  at  present  in  vogue. 

In  the  largest  and  most  gaseous  mine  in  the  anthracite 
region  of  Pennsylvania,  the  average  quantity  provided  per 
man  per  minute  ranges  from  200  to  700  cubic  feet. 


THE   LAWS  GOVERNING   THE  FLOW 
OF  AIR. 

THE  THEORETICAL  VELOCITY  OP  AIR. 

938.  The  theoretical  velocity  of  air  is  the  velocity 
at  which  the  air  enters  the  downcast  shaft,  and  before  it  is 
subject  to  the  resistance  of  friction  due  to  the  sides  of  the 
mine  passages.  It  is  a  purely  theoretical  quantity  and  of 
little  practical  use.  To  produce  a  flow  of  air  between  the 
upcast  and  downcast  shafts,  the  pressure,  or  weight,  of  the 
column  of  air  in  the  downcast  must  be  greater  than  the 
pressure,  or  weight,  of  the  column  of  air  in  the  upcast. 

939.  Suppose  that  Fig.  133  represents  a  section  of  a 
mine  in  which  the  downcast  shaft  A  B  and  the  upcast  shaft 

D  C  have  the  same  height. 
:  The  air  can  be  caused  to 
flow  from  j4  to  /?  by  crea- 
ting a  difference  of  pressure 
or  of  weight  in  the  columns 
of  air  in  the  two  shafts, 
that  in  the  shaft  D  C  being 
Jess  than  that  in  the  shaft 
AB. 
'"°-  "»■  This  difference   of   pres- 

sure,  or  weight,  of  the  air  columns  can  be  created  in  two 
ways  :  (1)  By  increasing  the  density,  or  pressure,  of  the 
air  in  the  shaft  A  B.  (2)  By  expanding  the  air,  or  decreas- 
ing the  pressure,  in  the  shaft  D  C.  Each  of  these  methods 
results  in  destroying  the  equilibrium,  or  equality  of  pressure, 
or  weight,  in  the  shafts. 
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Without  entering  here  into  a  description  of  the  methods 
for  producing  the  difference  of  pressure,  it  may  be  stated 
that  the  ventilation  is  accomplished,  according  to  the  first  of 
the  above  methods,  by  the  use  of  a  blowing-fan  or  by  a 
waterfall,  and,  according  to  the  second  method,  by  means  of 
a  furnace,  exhaust-fan,  or  steam-jet. 

040.  To  find  the  theoretical  velocity  of  air  in  a  mine, 
due  to  the  difference  in  the  pressures  in  the  upcast  and 
downcast  shafts,  we  have  the  following  formula,  in  which 

V  =  velocity  of  the  air  in  feet  per  second ; 

F=  the  constant  force  represented  by  difference  of  pres- 
sure in  pounds  per  square  foot; 

w  =  weight  of  a  cubic  foot  of  air; 

g=  acceleration  due  to  gravity  =  32.16  ft. 

v  =  \'^-         (32.) 

941*  Tbe  Motive  Column. — That  portion  of  the 
downcast  column  of  air  which  represents  the  difference  be- 
tween the  weights  of  the  air 
columns  in  the  downcast  and 
the  upcast  shafts  is  called 
the  motive  column.  The 
excess  of  weight  in  the  air 
in  the  downcast  over  that 
in  the  upcast  is  what  causes 
the  flow  of  air  up  the  up- 
cast. Hence,  if  we  sub- 
tract the  pressure  persquare 
foot  at  the  bottom  of  the 
upcast  from  the  pressure 
per  square  foot  at  the 
bottom  of  the  downcast, 
and  divide  the  difference  by  p^j  ^ 

the  weight  of  a  cubic  foot 

of  air  in  the  downcast,  we  have  the  length  of  the  motive  col- 
umn, or  the  column  whose  weight  overcomes  the  balance  and 
causes  the  current  to  move  up  the  upcast.     For  example,  in 
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Fig.  IS-i,  the  long  hot  column  c  d  is  equal  in  weight  to  the 
short  cold  column  bc^  and  they  balance  each  other,  but 
the  column  ab  oi  cold  air  is  resting  on  ^r  and  destroys  the 
balance,  and  causes  a  current  to  flow ;  hence,  a  b  is  the  motive 
column. 

942*  The  length  of  the  motive  column  may  be  found  by 
means  of  one  of  the  following  formulas,  in  which 

fF=  the  weight  of  a  cubic  foot  of  air  ifi  the  downcast 

shaft ; 
w  =  the  weight  of  a  cubic  foot  of  air  in  the  upcast  shaft ; 
/  =  the  pressure  of  the  downcast  shaft ; 
/,  =  the  pressure  in  the  upcast  shaft ; 
/,  =  the  average  temperature  of  the  air  in  the  downcast 

shaft ; 
/  =  the  average  temperature  of   the  air  in  the  upcast 

shaft ; 
D  =  the  depth  of  the  upcast  shaft  in  feet ; 
J/=  the  length  of  the  motive  column  in  feet; 
G  =  the  water-gauge  in  inches.     (See  Art.  1058.) 

Then,  M  =  ^-~/^,  (33.) 

J/=^^^.  (34.) 

Example. — If  the  temperature  of  the  air  in  the  downcast  shaft  is 
40'  F.,  and  in  the  upcast  shaft  120°  F.,  what  is  the  height  of  the  motive 
cohimn,  the  depth  of  the  upcast  shaft  being  200  feet  ? 

Solution. — Applying  formula  35, 

Af  =  ^>(^^  =  '^-^-^  -  27.63  feet. 
(4i)9  +  /)  (4o9  -H  120) 

Proof. — The  proof  of  the  accuracy  of  this  conclusion  may  be  found 
as  follows:  The  weight  of  a  cubic  foot  of  air  in  the  downcast  shaft  is 
.07968,  and  the  weight  of  a  cubic  foot  of  air  in  the  upcast  shaft  is. 06867; 
then  the  entire  weight  of  the  upcast  shaft  column  is  .06867x200  = 
13.73400  pounds,  and  the  weight  of  the  portion  of  the  downcast  column 
that  balances  the  weiji^ht  of  the  upcast  column  is  200  —  27.63  =  172.37, 
and  172.37  x  .07968  =  13.734  pounds. 
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In  formula  36  it  is  assumed  that  the  temperatures  of  the 
downcast  and  outer  air  are  the  same.  There  is  no  material 
error  involved  in  this  assumption,  and  the  height  of  the 
motive  column  so  obtained  is  practically  correct,  since  any 
increase  in  temperature  due  to  the  depth  is  partly,  if  not 
wholly,  neutralized  by  the  moisture  in  the  shaft  absorbing 
heat  from  the  air. 


PRESSURE  AND  RESISTANCES. 

943.  When  the  word  **  pressure  "  is  used  in  mine  ven- 
tilation, it  means  the  force  that  produce?  a  movement  of  the 
air  through  the  workings,  and  is  called  the  ventilating 
pressure.  The  velocities  of  air-currents  depend  upon  dif- 
ferences in  pressures,  the  greater  the  difference  the  greater 
the  velocity  of  the  current.  It  should,  therefore,  be  remem- 
bered that  it  is  not  the  gross  pressure  at  the  beginning  of  an 
air-current  that  produces  its  velocity,  but  rather  the  differ- 
ence between  the  gross  pressures  at  both  ends,  which  is  the 
ventilating  pressure.  A  difference  of  pressure  of  one  pound 
per  square  foot  will  produce  a  current  of  wind  in  the  open' 
air  having  a  velocity  of  about  19  miles  per  hour. 

944«  The  ventilating  pressure  may  be  expressed  in 
pounds  (in  which  case  it  is  called  the  total  pressure), 

in  pounds  per  square  foot,  in  inches  of  water-gauge,  or  in 
feet  of  motive  column.  Unless  otherwise  stated,  it  will  be 
expressed  in  pounds  per  square  foot.  Should  it  be  necessary 
to  express  it  in  inches  of  water-gauge,  it  may  be  easily  con- 
verted into  pounds  per  square  foot  by  multiplying  the 
number  of  inches  of  water-gauge  by  5.2. 

In  order  to  avoid  the  long  term  **  ventilating  pressure,' 
and  also  to  make  the  language  conform  to  other  books  per- 
taining to  the  subject  of  mine  ventilation,  the  word  pressure 
only  will  be  used,  except  when  it  is  thought  best  to  use  the 
full  term. 

The  resistances  met  with  in  mines  may  be  divided  into 
three  classes  :  First,  the  resistance  due  to  friction ,  second, 
the  resistance  due  to  changing  the  direction  of  the  current. 
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i.e.,  bends;  third,  the  resistance  due  to  contracting  or  en- 
larging the  airway. 

The  most  important  of  these  resistances  is  that  due  to 
friction,  and  is  the  first  that  will  be  considered. 


THE  THREE  LAWS  OF  FRICTION. 

945«  As  the  result  of  many  experiments,  the  truth  of.  the 
three  following  laws,  called  the  tliree  la^ws  of  friction* 

has  been  firmly  established. 

946.  Firtit  LiU-w. —  W/ien  the  velocity  remains  the  sanie^ 
the  total  pressure  required  to  overcome  friction  varies  directly 
as  the  extent  of  the  rubbing  surface, 

947.  By  rubbins  surface  is  meant  the  entire  area 
touched  by  the  air  in  passing  through  the  airway.  The 
cross-section  of  the  airway  may  be  a  square,  a  rectangle,  a 
trapezoid,  or  a  circle.  If  the  cross-section  is  a  square,  the 
perimeter  equals  the  length  of  one  of  the  sides  of  the 
cross-section  multiplied  by  4;  if  a  rectangle  or  trapezoid, 
the  perimeter  equals  the  sum  of  all  the  sides,  and  if  a  circle, 
the  perimeter  equals  the  diameter  multiplied  by  3.1416. 
Having  found  the  perimeter,  the  rubbing  surface  may  be 
found  by  multiplying  the  perimeter  by  the  length  of  the 
airway. 

948.  The  first  law  states  that  if  the  rubbing  surface  be 
increased,  the  pressure  must  be  increased  in  the  same  pro- 
portion in  order  to  pass  the  air  with  the  same  velocity.  In 
other  words,  if  the  rubbing  surface  be  increased  1^,  2,  3,  4, 
etc.,  times,  the  pressure  must  also  be  increased  1^,  2,  3,  4, 
etc.,  times  in  order  to  pass  the  same  quantity  of  air. 

In  applying  this  law,  it  does  not  matter  whether  the  pres- 
sure per  square  foot  or  the  total  pressure  is  considered,  if 
in  the  first  case  the  sectional  area  remains  the  same. 

Example. — Suppose  that  a  certain  airway  passes  10,000  cubic  feet 
of  air  per  minute  ;  what  must  be  the  increase  in  pressure  in  order  to 
pass  the  same  amount  through  an  airway  whose  cross-section  has  the 
same  area,  but  whose  rubbing  surface  is  1.6  times  as  great  ? 
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Solution. — Since  the  rubbing  surface  is  increased  1.6  times,  while 
the  other  factors  (velocity,  quantity,  sectional  area,  etc.)  remain  the 
same,  it  follows  that,  according  to  the  first  law  of  friction,  the  pressure 
must  also  be  increased  1.6  times.     Ans. 

949*     The  form  of  the  cross-section   of  the  airway  ex- 
erts  a   considerable  influence   on 
the   amount   of   rubbing  surface, 
as    the    following    examples    will 
show  :  ^* 


Example  1. — Find  {a)   the   rubbing 

surface  and  (fi)  the  area  of  the  cross-        , 

section  of  an  airway  1,000  feet  long  hav-  *^ 

.  .  I  ..•  1.  Fig.  185. 

ing  a  rectangular  cross-section,  whose 

sides  are  10  feet  8  inches  long  by  6  feet  high.     (See  Fig.  135.) 

Solution. — {a)  The  rubbing  surface  equals  the  perimeter  multiplied 
by  the  length;  or,  since  10  ft.  8  in.  =  lOf  ft.,  (lOf -+- 6  +  lOf  4- 6)  X 
1,000  =  38i  X  1,000  =  38,888i  sq.  ft.     Ans. 

(d)  Area  =  lOf  x  6  =  64  sq.  ft.     Ans. 

Example  2. — Suppose  that  in  the  preceding  example  the  rectangular 
section  had  been  16  feet  wide  and  4  feet  high,  what  would  have  been 
the  rubbing  surface  and  area  ? 

Solution.— The  rubbing  surface  =  (16  -h  4  -+- 16  -h  4)  x  1.000  =  40  X 
1,000  =  40,000  sq.  ft.,  and  the  area  =  16  X  4  =  64  sq.  ft.     Ans. 

In  this  example  the  cross-sectional  area  is  the  same  as  in 
example  1,  while  the  rubbing  surface  is  \  greater.  Had  the 
sides  been  32  feet  and  2  feet,  the  sectional  area  would  have 
been  64  square  feet,  as  above,  but  the  rubbing  surface  would 
have  been  (32  +  2  +  32  -f  2)  X  1,000  =  68,000  square  feet, 
or  2.07  times  as  much  as  in  example  1.  Hence,  to  pass  the 
same  quantity  of  air,  the  pressure  would .  require  to  be 
increased  1.07  times. 

950.  It  is  easy  to  see  that  the  more  oblong  the  rectangle 
is  the  more  rubbing  surface  there  is  for  the  same  sectional 
area,  and  it  is  evident  that  the  perimeter  of  a  square  sec- 
tion is  less  than  that  of  a  rectangular  section  having  the 
same  area.  Thus,  the  perimeter  of  the  square,  Fig.  136, 
is  but  32  feet,  while  that  of  the  rectangle  in  Fig.  135  is  33 J 
feet,  and  that  of  the  rectangle  in  example  2  is  40  feet.     If 


18 


MINE  VENTILATION. 


§6 


Fig.  136  represents  a  section  of  an  airway  1,000  feet  long, 

S'  6' 


— W~ 

Pio.  187. 


Fig.  188, 


the  rubbing  surface  is  32  x  1,000  =  32,000  square  feet. 

Example  3. — Suppose  an  airway  to  have  a  trapezoidal  cross-section 
like  that  shown  in  Fig.  187,  and  to  be  1,000  feet  long;  what  is  the  rub- 
bing surface  and  sectional  area  ? 

Solution. — The  rubbing  surface  (since  8  ft.  3  in.  =  8^  ft.)  equals 
(10  -h  8i-  -+-  6  4-  8i)  X  1,000  =  33,500  sq.  ft,,  and  sectional  area  =  — t—  X 
8  =  64  sq.  ft.     Ans. 

Example  4. — A  circular  airway  is  9.026  feet  in  diameter  and  t,000 
feet  long;  what  is  its  rubbing  surface  and  sectional  area  ? 

Solution. — The  rubbing  surface  equals  3.1416  times  the  diameter 
multiplied  by  the  length  =  3.1416  X  9.026  X  1.000  =  28.36  X  1,000  = 
28,360  sq.  ft.,  and  the  sectional  area  =  9.026»  X  .7854=  64  sq.  ft. 

It  will  be  noticed  that  in  all  of  the  above  examples  the 
area  of  the  cross-section  is  04  square  feet,  while  the  rubbing 
surface  varies  from  28,300  to  68,000  square  feet. 

The  results  obtained  above  are  all  combined  in  the  follow- 
ing table,  and  show  at  a  glance  the  effect  produced  by  vary- 
ing the  forms  of  the  cross-section,  the  sectional  area  and 
the  length  of  the  airway  being  the  same  in  all. 

951.  Table  23  shows  that  for  a  given  sectional  area  the 
circular  airway  has  the  least  rubbing  surface,  and  that  the 
square  airway  comes  next,  while,  with  rectangular  airways, 
that  which  most  nearly  approaches  the  square  form  has  the 
least  rubbing  surface.  Hence,  for  economy  in  ventilation, 
circular  airways  are  best ;  but,  since  they  are  seldom  prac- 
ticable, owing  to  other  considerations,  square  airways 
should  be  used  whenever  it  is  possible  to  do  so.     If  rectan- 
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gular  or  trapezoidal  airways  are  absolutely  necessary,  they 
should,  in  so  far  as  it  is  practicable,  approach  the  square  form. 

TABLE    23. 


Form  of 
Section. 

Dimensions  of 
Section. 

Length 
in  Feet. 

Perim- 
eter 
in  Feet. 

Rubbing 
Surface 

in 

Square 

Feet. 

Sectional  Area 
in  Square  Feet. 

Circular 

9.020'  diam. 

1,000 

28.36 

28,360 

64 

Square 

8'  X  8' 

1,000 

32 

32,000 

64 

Trapezoidal 

(10'and0')x8i' 

1,000 

32i^ 

32,500 

64 

Rectangular 

10'  S'  X  0' 

1,000 

m 

33,333 

64 

Rectangular 

16'  X  4' 

1,000 

40 

40,000 

64 

Rectangular 

32'  X  2' 

1,000 

68 

68,000 

64 

It  is  evident  that  increasing  the  length  of  the  airway  will 
also  increase  the  rubbing  surface.  Hence,  if  two  airways 
have  the  same  perimeter  and  area,  but  different  lengths, 
and  the  air  is  transmitted  w^ith  the  same  velocity  in  each, 
the  pressures  will  be  in  direct  proportion  to  the  lengths. 

Example. — Two  airways  are  each  6  feet  high  and  9  feet  wide ;  conse- 
quently their  areas  of  section  and  perimeters  are  equal.  The  length  of 
one  of  these  airways  i^  1,800  feet,  and  the  pressure  indicated  by  the 
water-gauge  is  1.72  inches;  the  length  of  the  other  airway  is  2,700  feet. 
If  the  velocity  is  the  same  in  both  these  airways,  what  should  be  the 
height  of  the  water-gauge  for  the  airway  2,700  feet  in  length  ? 

Solution. — Since  the  areas,  perimeters,  and  velocities  are  the  same, 
the  heights  of  the  water-gauges  will  be  directly  as  the  lengths  of  the 
airways,  or  1.72  :  x::  1,800  :  2,700;  whence,  x=  2.5S  in.     Ans. 

952.  Second  La^w. —  When  the  velocities  and  rubbing 
SJirfaces  remain  the  same,  the  pressures  required  to  force  air 
through  the  passages  of  a  mine  increase  and  decrease  inversely 
as  the  sectioftal  areas  of  the  passages  increase  or  decrease. 

953.  The  second  law  states  that  if  the  velocity  remains 
the  same  and  the  rubbing  surfaces  are  equal,  the  pressure 
per  square  foot  will  increase  as  the  sectional  area  decreases; 
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or,  the  pressure  per  square  foot  will  decrease  as  the  sectional 
area  increases;  that  is,  if  the  sectional  area  be  reduced  to 
i»  i»  h  tVj  ^^^m  ^^  ^^^  original  sectional  area,  the  pressure 
per  square  foot  must  be  increased,  2,  4,  6,  10,  etc.,  times, 
respectively,  to  pass  the  air  with  the  same  velocity,  the 
rubbing  surface  being  the  same  in  both  cases.  Or,  if  the 
sectional  area  be  increased  2,  4,  6,  10,  etc.,  times  the  original 
sectional  area,  the  pressure  per  square  foot  may  be,  respect- 
ively, reduced  to  i,  :J,  \,  ^j^^  etc.,  of  the  original  pressure  per 
square  foot  required  to  pass  the  air  with  the  same  velocity, 
the  rubbing  surface  being  the  same  in  both  cases. 

Example. — Suppose  that  the  pressure  per  square  foot  required  to 
pass  air  at  a  given  velocity  is  .02  inch  per  square  foot  in  a  square  air- 
way 8  feet  high  and  8  feet  wide.  What  pressure  per  square  foot  will 
be  required  to  pass  air  at  the  same  velocity  through  a  circular  airway 
whose  perimeter  is  the  same  as  that  of  the  square  one,  namely,  82  feet, 
and  whose  length  is  the  same  as  that  of  the  square  one  ? 

Solution. — According  to  the  second  law  of  mine  friction,  when 
the  velocities  are  the  same,  the  pressures  vary  inversely  as  the  sectional 
areas  of  the  airways.  If  the  perimeter  be  divided  by  3.1416,  the 
quotient  will  be  the  diameter  of  the  section  of  the  circular  airway ;  and 
the  square  of  this  diameter  multiplied  by  .7854  is  the  area  of  the  cross- 
section  of  the  circular  airway  in  square  feet ;  hence, 

(82    \* 
^  *        j   X  .7854  =  81.49  square  feet. 

Then  the  pressure  required  is  found  by  the  proportion  81.49  :  64  :: 
.02  :  jr;  or,  jr=  .0157  inch  of  water-gauge.     Ans. 

954«  The  second  law  only  Rpplies  to  pressure  per  square 
foot^  for  the  total  pressure  remains  the  same,  as  it  should; 
since,  when  the  rubbing  surface  and  velocity  remain  the 
same,  the  total  resistance  (=  total  pressure)  must  also  re- 
main the  same,  no  matter  what  the  sectional  area  may  be. 
Thus,  in  the  above  example,  the  total  pressure  for  the  square 
airway  is  64x.02  =  1.28  lb.,  and  for  the  circular  airway, 
81.49  X  .0157  =  1.28  lb. 

ExAMPLE.^^z)  An  8'  X  10'  rectangular  airway  is  5,000  feet  long  ; 
what  must  be  the  length  of  a  similar  airway,  6'  X  8',  having  the  same 
rubbing  surface?  {b)  If  a  pressure  of  .5  pound  per  square  foot  is 
required  to  pass  the  air  through  the  8'  X  10'  airway  with  a  certain 
velocity,  what  pressure  p)er  square  foot  is  required  to  pass  the  air 
through  the  6'  X  8'  airway  with  the  same  velocity  ? 


§  6  MINE  VENTILATION.  21 

Solution. — (a)  The  rubbing  surface  of  the  8'  X  10'  airway  is 
(8  +  10  -+-  8  4- 10)  X  5.000  =  180,000  sq.  ft.  The  perimeter  of  the  6x8' 
airway  is  6  +  8  -h  6  -f  8  =  28  ft.  Consequently,  the  length  of  the 
6'  X  8'  airway  is  180.000  ^  28  =  6.428;J  ft.     Ans. 

(d)  Since,  according  to  the  second  law  of  friction,  the  pressures  per 
square  foot  vary  inversely  as  the  sectional  areas,  when  the  rubbing 
surfaces  and  velocities  remain  the  same,  and  the  sectional  areas  are 
8  X  10  =  80  sq.  ft.,  and  6  X  8  =  48  sq.  ft,  80  :  48  ::  ;r  :  .5;  or,  x=z.S^  lb. 
per  square  foot.     Ans. 

Here  again  the  total  pressures  are  the  same,  since  80  X .  5  = 
40  1b.,  and  48  X  .8J=40  1b. 

955*  Third  Lamr. —  T/ie  pressure  required  to  overcome 
friction  in  an  airway  varies  as  the  squares  of  the  velocities 
when  the  rubbing  surface  and  the  areas  of  section  are  the 
same;  and  the  pressures  required  to  overcome  friction  vary  as 
the  squares  of  the  velocities  multiplied  by  the  rubbing  surfaces 
per  square  foot  of  section  in  all  airways, 

956*  If  the  velocity  be  increased  1^,  2,  3,  5,  etc.,  times, 
the  rubbing  surface  remaining  the  same,  the  pressure  must 
be  increased  (1^)',  2',  3*,  5',  etc.,  or  2:^,  4,  9,  25,  etc.,  times, 
respectively;  and  if  the  velocity  be  reduced  IJ^,  2,  3,  5,  etc., 
times,  the  rubbing  surface  remaining  the  same,  the  pressure 
must  be  reduced  (1|)',  2*,  3',  5',  etc.,  or  2^,  4,  9,  25,  etc., 
times,  respectively. 

If  the  sectional  area  and  rubbing  surface  both  remain  the 
same,  the  pressure  per  square  foot  will  also  vary  directly  as 
the  square  of  the  velocity. 

Example. — Suppose  that  in  the  last  example  the  velocity  was  400 
feet  per  minute,  and  that  it  was  desired  to  increase  it  to  450  feet  per 
minute,  what  would  be  the  total  pressure  required  ? 

Solution. — Since  the  pressures  vary  directly  as  the  squares  of  the 
velocities,  400«  :  450«  ::  40  :  ;r;  or,  ^  =  50f  lb.     Ans. 

Example. — In  the  above  example,  what  would  be  the  pressure  per 
square  foot,  were  the  velocity  increased  from  400  to  450  feet  per 
minute  in  the  6'  X  8'  airway  ? 

Solution. — The  pressure  per  square  foot  was  found  to  be  .8^  pound ; 
hence,  according  to  the  third  law,  since  the  sectional  area  and  rubbing 
surface  remain  the  same,  400*  :  450*  ::  8^  :  x\  or  jr,=  1.055  lb.  per  square 
foot.     Ans. 
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THE    COEFFICIENT    OF    FRICTION. 

957.  By  means  of  the  three  laws  of  friction,  and  by  the 
aid  of  other  laws  which  can  be  deduced  from  them,  and 
which  will  be  given  later,  it  is  possible,  when  all  of  the  data 
for  one  airway  and  a  part  of  the  data  for  another  airway  are 
known,  to  calculate  the  remaining  data  for  the  second  air- 
way; or,  if  all  the  data  for  an  airway  are  known,  to  calcu- 
late the  effett  produced  by  varying  the  pressure,  velocity, 
etc.  But  in  order  to  calculate  the  pressure  required  to  force 
the  air  (overcome  the  resistances)  through  a  given  airway, to 
calculate  the  pressure  required  to  pass  a  certain  quantity 
per  minute  through  a  given  airway,  and  to  calculate  the 
horsepower,  etc.,  it  is  necessary  to  know  the  coefficient  of 
friction. 

958.  The  coefficient  of  friction  is  that  amount  of  the 
total  ventilating  pressure  which  is  required  to  overcome  the 
resistance  offered  by  one  square  foot  of  rubbing  surface  when 
the  velocity  is  1  foot  per  minute. 

959*  For  example,  this  may  be  further  explained  by 
stating  that  the  coefficient  of  friction  is  equivalent  to  the 
pressure  required  to  overcome  the  friction  in  an  airway  one- 
quarter  of  a  foot  long,  1  foot  square  in  section,  and  through 
which  the  air  is  passing  with  a  velocity  of  1  foot  per  minute. 

Since  the  total  pressure  may  be  expressed  in  pounds,  or 
as  so  many  feet  of  motive  column,  having  a  cross-section 
equal  to  the  sectional  area  of  the  airway,  the  coefficient  of 
friction  may  also  be  expressed  as  a  fraction  of  a  pound  or  a 
factor  of  the  motive  column  in  feet.  In  the  various  works 
treating  on  mine  ventilation,  the  coefficient  is  usually  ex- 
pressed in  pounds,  and  will  be  so  expressed  throughout  this 
discussion. 

The  coefficient  of  friction  then  becomes  a  unit  which, 
multiplied  by  the  rubbing  surface  in  square  feet  (according 
to  the  first  law),  and  again  multiplied  by  the  square  of  the 
velocity  in  feet  per  minute  (according  to  the  third  law),  will 
give  the  total  ventilating  pressure  in  pounds. 
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960.  The  coefficient  of  friction  varies  somewhat  for 
different  mines,  according  to  the  degree  of  smoothness  of 
the  rubbing  surface,  and  probably  to  a  slight  extent  on  ac- 
count of  the  character  of  the  material  forming  the  sides  of  the 
airway.  Different  experimenters  have  obtained  values  which 
show  considerable  variation  in  their  results;  but  the  value 
most  commonly  used  is  that  determined  by  J.  J.  Atkinson, 
and  is  the  one  which  will  be  used  in  this  discussion.  This 
imit  is  known  to  be  too  high,  but  since  every  change  in  di- 
rection, owing  to  bends,  and  every  reduction  or  enlargement 
of  the  passageway,  etc.,  entails  extra  losses  which  are  very 
difficult  to  calculate,  it  will  be  more  convenient  to  use  At- 
kinson's coefficient  and  disregard  the  extra  losses.  By  so 
doing,  the  entire  air-course  is  treated  as  if  it  were  a  straight 
airway,  and  the  calculations  are  greatly  simplified.  The 
value  of  Atkinson's  coefficient  of  friction  is  .0000000217 
pound.  In  other  words,  the  pressure  required  to  overcome 
the  resistance  offered  by  1  square  foot  of  rubbing  surface 
when  the  velocity  is  1  foot  per  minute,  is  that  part  of  a 
pound  represented  by  217  divided  by  1  followed  by  10  ciphers, 
or  .0000000217,  expressed  decimally. 

961*  Example. — (a)  What  is  the  total  pressure  required  to  over- 
come the  f fictional  resistances  of  a  6'  X  B  airway,  12,750  feet  long,  if 
the  velocity  is  480  feet  per  minute  ?  (^)  What  is  the  pressure  per 
square  foot  ?    (c)  What  should  the  water-gauge  read  ? 

Solution. — (a)  According  to  the  foregoing  statements,  the  total 
pressure  is  equal  to  the  continued  product  of  the  coefficient  of  friction, 
the  rubbing  surface,  and  the  square  of  the  velocity;  hence,  since 
the  rubbing  surface  =  28  x  12,750  =  357,000  sq.  ft.,  total  pressure  = 
.0000000217  X  357,000  x480^  =  1,784.89  lb.     Ans. 

(d)  The  pressure  per  square  foot  equals  the  total  pressure  divided  by 
the  sectional  area  =  -^ — -jr-  =  37.18  lb.  per  square  foot.     Ans. 

(f)  Since  1  inch  of  water-gauge  represents  a  pressure  of  5.2  pounds 

37  18 
per  square  foot,  37.18  pounds  represent  -r^   =  7.15  in.     Ans. 

962.     To  express  the  foregoinj^  by  means  of  formulas,  let 
P=  total  ventilating  pressure  in  pounds; 
/  =  ventilating  pressure  in  pounds  per  square  foot; 
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a  =  sectional  area  of  airway  in  square  feet; 
k  =  coefficient  of  friction  =  .000<XXK)217; 
s  —  total  rubbing  surface  in  square  feet ; 
V  =  velocity  of  air  in  airway  in  feet  per  minute; 
o  =  perimeter  of  airway  in  feet ; 
/  =  length  of  airway  in  feet ; 
IV=  water-gauge  in  inches. 

Throughout  this  subject  the  letters  as  printed  above  will 
always  represent  the  same  quantities. 

P  =  pa.  (36.) 

TAat  tSy  the  total  pressure  equals  the  pressure  per  square 
foot  multiplied  by  the  sectional  area  of  the  airway, 

« 

Example. — If  the  sectional  area  of  the  airway  is  56  square  feet,  and 
the  pressure  per  square  foot  is  8.46  pounds,  what  is  the  total  pressure  ? 

Solution. — Applying  formula  36, 

/>=/^i  =  8.46x56=  473.76  lb.     Ans. 

* 

P=ksv\  (37.) 

That  iSy  the  total  pressure  equals  the  continuea  product  of 
the  coefficient  of  friction^  the  rubbing  surface^  and  the  square 
of  the  velocity. 

Example. — An  airway  6'  X  6'  and  5,000  feet  long  passes  air  with  a 
velocity  of  840  feet  per  minute ;  what  is  the  total  ventilating  pressure  ? 

Solution.— Applying  formula  37,  j  =  6  X  4  x  5,000  =  120.000  sq. 
ft. ,  and  V  =  840.  Hence,  P^ksv'^^  .0000000217  x  120,000  X  340*  = 
801  lb.,  nearly.     Ans. 

/  =  ^•.  (38.) 

That  is  J  the  pressure  per  square  foot  equals  the  continued 
product  of  the  coefficient  of  friction,  the  rubbing  surface,  and 
the  square  of  the  velocity,  divided  by  the  sectional  area  of  the 
airway. 

Example. — What  is  {a)  the  pressure  per  square  foot  in  the  last 
example  ?  (b)  the  water-gauge  ? 

Solution. — {a)  Substituting  in  formula  38,  rt  =  6  x  6  =  36  sq.  ft., 

and 

^      .0000000217  X  120,000  x  340«       ^  .^^  ,^       . 
P=~ —  -         "~Q«~  "         =  8.36  lb.     Ans. 

«     oo 


^ 
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(d)  Since p  =  5.2iV,  ^  =  ^  =  ^  =  1. 61  in. ,  nearly.     Ans. 

TAat  iSy  the  rubbing  surface  equals  the  total  pressure 
divided  by  the  coefficient  of  friction  multiplied  by  the  square 
of  the  velocity ;  or^  it  equals  the  pressure  per  square  foot 
multiplied  by  the  sectional  area  divided  by  the  product  of  the 
coefficient  of  friction  and  the  square  of  the  velocity. 

Example. — A  gangway  is  8'  x  8' ;  if  the  water-gauge  shows  f  inch 
and  the  velocity  of  the  air  is  280  feet  per  minute,  what  is  the  rubbing 
surface  ? 

Solution.— The  pressure  per  square  foot  is/  =  5.2  ^=  6.2  x  i  =  8.9 
lb.  per  square  foot ;  the  sectional  area  is  8  X  8  =  64  sq.  ft. 
Hence,  substituting  in  formula  39, 

P^  8.9x64  ^low^o        r.      A 

^  =  J^.>ot,s=  .0000000217  X  280«  =  ^*"'"*  ^-  ^*-     ^^ 

V  =  l/4£.  (40.) 

ks 

That  is^  the  velocity  in  feet  per  minute  equals  the  square 
root  of  the  pressure  in  pounds  per  square  foot  multiplied  by 
the  sectional  area  in  square  feet  ^  divided  by  the  product  of  the 
coefficient  of  friction  and  the  rubbing  surf  ace  in  square  feet. 

Example. — In  the  last  example  suppose  that  the  rubbing  surface 
was  known  to  be  146,718  square  feet,  and  it  was  desired  to  find  the 
velocity.     Show  how  you  would  find  it. 

Solution. — Substituting  the  different  values  in  formula  40, 


./P^—J  3.9x64  ^^.^  .         . 

When  the  total  rubbing  surface  and  the  perimeter  are 
known,  the  length  of  the  airway  may  be  found  by  means  of 
the  formula 

/=^.  (41.) 

That  iSy  the  length  of  the  airway  is  equal  to  the  rubbing 
surface  divided  by  the  perimeter. 


26  MINE  VENTILATION.  S6 

Example. — The  perimeter  of  an  airway  is  32  feet,  and  the  rubbing 
surface  is  146,713  feet;  what  is  the  length  of  the  airway  ? 

Solution. — Applying  formula  41, 

,         S         146,713         .rurf^         A 

/  =  —  =  — ss —  =  4,585  ft.     Ans. 

As  before  stated,  the  rubbing  surface  equals  the  product 
of  the  length  and  the  perimeter;  or, 

s  =  /o,  (42.) 


THE  QUANTITY  OF  AIR  DISCHARGED. 

963*  Since  a  certain  quantity  of  air  is  required  to  pass 
along  the  airway  in  order  to  secure  the  proper  amount  of  ven- 
tilation, it  is  necessary  to  know  how  much  air  can  be  passed 
with  a  given  velocity;  or,  knowing  the  quantity  required,  it 
is  necessary  to  calculate  the  velocity,  and  from  that  to  de- 
termine the  pressure.  If  the  velocity  and  sectional  area  are 
known,  the  quantity  may  be  determined  by  the  following 
formula,  in  which  ^  =  the  quantity  in  cubic  feet  per  minute: 

q  =  av.  (43.) 

T/iat  tSy  t/if  quantity  of  air  discharged  in  cubic  feet  per 
minute  through  a  given  airway  is  equal  to  the  area  of  the 
section  in  square  feet  multiplied  by  the  velocity  in  feet  per 
minute. 

964.  A  little  consideration  will  show  that  formula  43 
must  be  true ;  for,  suppose  that  the  sectional  area  is  1  square 
foot  and  the  velocity  is  1  foot  per  minute;  then  it  is  per- 
fectly evident  that  the  quantity  discharged  in  1  minute  is 
1  cubic  foot.  If  the  velocity  be  increased  2,  3,  4,  etc.,  times, 
the  number  of  cubic  feet  discharged  will  also  be,  respectively, 
2,  3,  4,  etc.,  times  the  original  quantity;  that  is,  the  velocity 
will  be  2,  3,  4,  etc.,  feet  per  minute,  and  the  quantity  2,  3,  4, 
etc.,  cubic  feet  per  minute.  Likewise,  if  the  velocity  re- 
mains at  1  cubic  foot  per  minute,  but  with  the  area  increased 
2,  3,  4,  etc.,  times,  the  quantity  will  be  increased  to  2,  3,  4, 
etc.,  cubic  feet  per  minute.  Consequently,  if  the  area  and 
velocity  arc  both  changed,  the  change  in  (juantity  must  be 
the  product  of  the  two;  that  is,   if  the  area  be  increased 
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from  1  square  foot  to,  say,  26  square  feet,  and  the  velocity 
increased  from  1  foot  per  minute  to  1,000  feet  per  minute, 
the  quantity  will  be  increased  from  1  cubic  foot  to  26  X 
1,000  =  26,000  cubic  feet  per  minute. 

Example. — A  circular  airway  has  a  diameter  of  9.026  feet,  and  the 
velocity  of  the  air  is  830  feet  per  minute ;  what  is  the  quantity  passing 
in  cubic  feet  per  minute  ? 

Solution.— Applying  formula  43,  «  =  9.026*  X  •  7854  =  64  sq.ft. 
Hence,  ^  =  «  z/  =  64  X  330  =  21,120  cu.  ft.  per  minute.     Ans. 

965*  If  the  quantity  to  be  discharged  and  the  sectional 
area  are  known,  and  it  is  required  to  find  the  velocity,  use 
the  following  formula : 

v^'L,  (44.) 

That  iSy  the  velocity  in  feet  per  minute  equals  the  quantity 
passing  in  cubic  feet  per  minute  divided  by  the  sectional  area 
in  square  feet. 

Example. — A  circular  airway  has  a  diameter  of  9.026  feet;  what 
must  be  the  velocity  in  order  to  pass  21,120  cubic  feet  per  minute  ? 

Solution. — The  sectional  area  was  found  to  be  64  square  feet  in  the 
last  example.     Hence,  substituting  in  formula  44, 

q     21.120       -o.  .  .        '        . 

V  =  — =  — -jta —  =  330  ft.  per  mmute.     Ans. 
«  64  '^ 

966.  The  size  of  the  airway  usually  depends  upon  other 
considerations  than  the  quantity  and  velocity ;  but,  in  order 
to  render  the  subject  more  complete,  the  following  formula 
is  given: 

^  =  ^.  (45.) 

V  ^         ' 

That  is,  the  sectional  area  equals  the  quantity  in  cubic  feet 
per  minute  divided  by  the  velocity  in  feet  per  mitiute. 

967.  Formulas  43, 44,  and  45  may  be  combined  with 
formulas  28  to  32,  so  that  the  pressure  (or  velocity)  may  be 
determined  at  once,  when  the  quantity  and  other  needful 
data  are  known;  but  the  simplest  way  is  to  calculate  the 
velocity  by  formula  40,  and  then  substitute  the  value  ob- 
tained in  formula  43  to  find  the  quantity ;  or  to  calculate 
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the  velocity  by  formula  44,  and  substitute  in  formula  37 
or  38  to  find  the  pressure.  The  formulas  are  given,  how- 
ever, in  Table  24,  and  are  there  denoted  by  the  letters 
a,  b,  G,  etc.,  to  distinguish  them  from  the  numbered  for- 
mulas, which  are  considered  to  be  more  important. 

Example. — What  is  the  total  ventilating  pressure  required  to  pass 
21,120  cubic  feet  of  air  per  minute  through  an  8'  X  8'  air-course  6,000 
feet  long  ? 

Solution.— The  sectional  area  =  8  X  8  =  64  sq.  f t.  =  a.  The  rub- 
bing surface  =  8  X  4  X  6,000  =  192,000  sq.  ft.  =  s. 

By  formula  44, 

^       21,120      ^^^.  .     ^ 

«/  =  —  =  — SI —  =  380  ft.  per  minute. 

a  64  '^ 

Therefore,  applying  formula  37, 

P=:Jisv*  =  .0000000217  X  192,000  X  830*  =  458.72  lb.     Ans. 


WORK  AND  POWER. 

968.  Work  is  equal  to  resistance  in  pounds  multiplied 
by  the  space  in  feet  through  which  the  resistance  is  over- 
come. That  is,  suppose  that  it  takes  a  force  (pressure)  of 
25  pounds  to  move  a  certain  body ;  then,  if  the  resistance  is 
uniform,  as,  for  example,  in  lifting  a  weight,  and  the  body 
is  moved  through  a  distance  of  36  feet,  the  work  done  is 
25  X  36  =  900  foot-pounds.  Since  time  is  not  mentioned  in 
the  above  definition,  it  follows  that  work  is  independent  of 
the  time ;  that  is,  no  matter  whether  it  takes  1  second  or  1 
year  to  move  the  body  36  feet,  the  work  done  is  900  foot- 
pounds. 

Now,  in  order  to  compare  the  work  done  by  different 
machines,  time  must  be  considered.  Hence,  the  amount  of 
work  done  in  overcoming  a  resistance  of  1  pound,  through  a 
space  (distance)  of  1  foot  in  1  minute,  is  called  the  unit  of 
poorer.  The  power  of  a  machine  is,  then,  the  number  of 
foot-pounds  of  work  which  it  can  perform  in  1  minute,  and 
this  number  divided  by  33,000  is  called  the  liorsepoinrer  of 
the  machine. 

The  power  required  to  produce  the  proper  ventilative 
effects  may  be  easily  calculated  when  the  total  pressure  and 
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the  velocity  are  known,  or  when  the  pressure  per  square  foot 
and  the  quantity  passed  in  cubic  feet  per  minute  are  known. 
Thus,  the  total  pressure  represents  the  force  required  to 
overcome  the  resistances,  and  the  velocity  in  feet  per  min- 
ute represents  the  space  (distance)  passed  through  in  1  min- 
ute; consequently,  the  product  of  the  total  pressure,  P^  and 
the  velocity  in  feet  per  minute  equals  the  work  per  minute, 
or  the  power.  That  is,  representing  the  number  of  units  of 
power  by  «.  ^  ^  ^^  ^^^^^ 

Likewise,  since  P  =  pa^  u-^pav^  but,  according  to  for- 
mula 43,  av  =  q\  hence, 

u=pq,  (47.) 

By  dividing  formulas  46  and  47  by  33,000,  the  horse- 
power may  be  found.     Letting  H  represent  the  horsepower, 

H  =         "         =       ^"^       =     ^""'^     =       /y  (Aft  \ 

33,000       33,000       33,000       33,000'  ^       ^^ 

Example. — What  horsepower  is  required  to  pass  the  air  in  the  last 
example  ? 

Solution. — The  total  pressure  was  found  to  be  453.72  pounds,  and 
the  velo<;ity  330  feet  per  minute.     Hence,  by  formula  48, 

P7/        453.72x330       .  ^o,,  tt  t^  i 

^=  33:000  =        33,000        =  ^'^^^  "•  ^"  '^^^'^y-     ^''^' 

Example. — If  the  water-gauge  reading  is  1.9  inches,  and  the  quan- 
tity of  air  passing  is  20,000  cubic  feet  per  minute,  what  horsepower  is 
required  ? 

Solution. — The  pressure  per  square  foot  =  5.2  X  1.9  =  9.88  lb. 
Therefore,  applying  formula  48, 

/»y         9.88X20.000 
^-  ^;000  -        33.000        -  ^  ^'  ^"  ''^^'^^y-     ^^  . 

969.  From  formula  48,  several  other  important  for- 
mulas may  be  derived  by  a  simple  transposition  of  the  terms. 
If  the  horsepower,  sectional  area,  and  the  velocity  of  the 
air  are  known,  and  it  is  desired  to  find  the  ventilating  pres- 
sure in  pounds  per  square  foot,  the  following  formula  may 

^  av  ^        ' 
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Or,  if  the  horsepower  and  the  quantity  of  air  to  be  passed 
per  minute  are  known,  and/  is  required, 

p  =  ^^'^^.  (50.) 

970.  If  it  be  required  to  ascertain  the  quantity  which  a 
certain  horsepower  will  cause  to  pass  with  a  given  pressure, 
it  may  be  found  by  formula  51, 

33,000 //^  /,^  X 

^=        p •  (*!•) 

Similarly,  the  velocity  may  be  found  by  iormula  52, 
when  the  horsepower  and  total  pressure,  or  the  horsepower, 
pressure  per  square  foot,  and  sectional  area  are  known. 

33,000 iV      33,000//'  ,^^  , 

V  =  —p—  =  -j--^  (62.) 

Example. — It  is  required  to  pass  20,000  cubic  feet  of  air  per  minute. 
{a)  What  is  the  pressure  per  square  foot  if  only  6  horsepower  are 
required  ?    (d)  What  is  the  water-gauge  reading  ? 

Solution. — {a)  Since  only  the  horsepower  and  quantity  are  given, 
formula  50  must  be  used.     Substituting, 

.       38,000//       83.000X6       ^  ^ ,,  r     .      a 

/  = =  — KTTnfifi —  =  9.9  lb.  per  square  foot.     Ans. 

^       9  9 
id)  Since  /  =  5.2  IV,  IV  =^  =  ^  =  1.9  in.,  very  nearly.     Ans. 

Example. — Had  the  sectional  area  in  the  above  example  been  60 
square  feet,  what  would  the  velocity  have  been  ? 

Solution. — This  example  may  be  solved  in  two  ways.  By  for- 
mula 44, 

a       20,000       ,^ , 

V  =  —  =  — ^^7 —  =  400  ft.  per  mmute.     Ans. 

By  formula  52, 

88.000//       83.000  X  6        . „  ,^  .      ^         . 

V  =       ^^       =  -g  g  ^  ,^^     =  400  ft.  per  mmute.     Ans. 

971.  Formulas  46  to  52  may  be  combined  with  for- 
mulas 37  to  42  to  produce  other  formulas,  which  will 
shorten  the  work  to  some  extent  in  certain  cases;  but  the 
student  will  find  it  a  better  plan,  as  a  rule,  to  calculate  the 
pressure,  velocity,  or  whatever  he  needs,  by  using  one  of 
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the  formulas  from  36  to  44,  and  then  substituting  in  one 
of  the  later  formulas. 

A  number  of  these  combination  formulas  will  be  given  in 
Table  24,  and  the  student  may  use  them  if  he  so  chooses. 
One  of  these  combination  formulas  is  so  important  that  it 
will  now  be  given. 

Multiplying  both  sides  of  formulk  37  by  z\  Pvz=  ksv*; 
but  by  formula  46,  Pv  =  u ;  hence, 

u  =  ksif'.  (53.) 

That  is,  the  power  in  foot-pounds  per  minute  equals  the 
continued  product  of  the  coefficient  of  friction,  the  rubbing 
surface,  and  the  cube  of  the  velocity. 

Likewise,  since  u=  pq  (formula  47),  pq  -=  ksv^\  or, 

q  =  —y-.  (54.) 

Example. — ^An  air-course  has  a  length  of  4,752  feet;  its  perimeter 
is  80  feet,  and  its  sectional  area  is  50  square  feet,  (<i)  What  quantity 
of  air  will  it  pass  at  a  velocity  of  400  feet  per  minute  ?  (^)  What 
power  will  be  required  ?    The  pressure  is  9.9  pounds  per  square  foot. 

Solution.— (a)  This  question  is  most  easily  solved  by  means  of 
formula  43,  but  to  show  the  reliability  of  formula  54,  it  will  be 
solved  both  ways.     By  formula  43, 

^  =  tf  z/  =  50  X  400  =  20,000  cu.  ft.  per  minute.     Ans. 

By  formula  54,  since  s  —  4,752  X  80  =  142,560  sq.  ft. 

ksv^      .0000000217  X  142,560  X  400»      ^a  aaa        t.  i       a 

q  =  — -r —  = ^"^ — — =  20,000  cu.  ft.,  nearly.  Ans. 

iji)  Substituting  in  formula  53, 

u  =  ksv^  =  .0000000217  X  142,560  X  400»  = 

198  000 
198,000  ft. -lb.  per  minute,  nearly,  =  .... '        =  6  H.  P.     Ans. 

972.  There  is  one  more  combination  formula  which  is 
chiefly  valuable  on  account  of  the  deductions  which  may  be 
made  from  considerations  of  it,  and  which  will  now  be  given 
in  order  that  the  student  may  be  able  to  answer  a  question 
sometimes  asked  at  examinations  for  mine  foremen's  cer- 
tificates. But,  in  order  that  an  intelligent  understanding 
may  result,  it  is  necessary  to  digress  here  and  explain  a  cer- 
tain geometrical  law. 
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973.  Two  figures  are  sliiillar  when  the  smaller  may  be 
so  placed  within  the  larger  that  their  perimeters  shall  be  par- 
allel throughout  their  entire  lengths,  and  their  correspond- 
ing sides  proportional.     Thus,  if  in  Fig.  139  the  perimeters  of 

the  two  trapezoids  are  parallel 
when  one  is  placed  within  the 
other,  and  A  D  \  adw  BC  \bc^ 
and  the  same  relation  is  also  true 
of  any  other  two  sides,  as  yl  Z?  : 
a  d\\  D  C  \  d  c,  then  the  two 
Fio.180.  trapezoids  are  similar.      Equi- 

lateral triangles,  squares,  and  circles  are  always  similar. 

Now,  it  is  proved  in  geometry  that  the  areas  of  similar 
figures  are  to  each  other  as  the  squares  of  any  side,  the 
squares  of  their  perimeters,  or  the  squares  of  any  line 
similarly  placed  in  them,  as,  for  example,  a  diagonal  or  di- 
ameter. Also,  that  the  volumes  of  similar  solids  are  to  each 
other  as  the  cubes  of  similarly  placed  lines  in  them.  Like- 
wise, if  any  two  similar  figures  are  varied  according  to  some 
power  of  similarly  placed  lines,  all  similar  figures  will  vary 
according  to  the  same  powers  of  their  similarly  placed  lines. 
For  example,  if  the  volume  of  a  certain  prism  is  21  cubic 
inches  and  the  length  of  a  certain  line  in  it  is  2  inches, 
what  will  be  the  volume  of  a  similar  prism  if  the  length  of 
a  similarly  placed  line  in  it  is  3  inches  ?  Since  the  volumes 
of  similar  solids  are  to  each  other  as  the  cubes  of  their 

21  X  27 
similar  lines,  2'  :  3*  ::  21  :  ;r;  or,  jr  = =  70.875  cubic 

inches. 

974.  Returning  now  to  the  subject  of  ventilation,  con- 
sider a  mine  having  a  square  cross-section,  and  represent 
the  length  of  a  side  by  d.  Then  the  area  is  rf"  and  the 
perimeter  is  4  d.  According  to  formula  43,  y  =  ^  ^' ;  but, 
since    for    this    case    a  —  </",    q  =  d"^  v.     By    formula    40, 

V  =  i/^  =  i/^-^,  since  a  =  d\     By  formula  42,  s  =  lo, 

ks       ^     ks 

and  since  for  this  case  o—\d^  s  =  /x  Ad=  -i/d.     Substituting 
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this  value  of  s  in  the  above  formula  for  v,  v=:  4/     *   = 

y  ^     .      Substituting  this  value  of  v  in  the  expression 

fc  AT  t 

giving  the  value  of  ^, 

976.  It  must  be  remembered  that  formula  55  applies 
only  to  square  airways.  A  consideration  of  it  shows  that  if 
two  square  airways  have  the  same  length  and  pressure  per 
square  foot,  the  quantities  of  air  which  they  will  pass  will 
be  to  each  other  as  the  square  roots  of  the  fifth  powers  of 
the  lengths  of  their  sides. 

Also,  if  two  square  airways  of  different  lengths  are  re- 
quired to  pass  the  same  quantity  of  air  with  the  same  pres- 
sure per  square  foot,  the  lengths  of  the  sides  will  be  to  each 
other  as  the  fifth  roots  of  the  lengths  of  the  airways. 

Now,  since  squares  are  similar  figures,  the  two  statements 
just  made  will  also  apply  to  any  two  airways  whose  cross- 
sections  are  similar  figures. 

976.  The  following  example  is  a  question  asked  at  an 
examination  held  at  Pittsburg,  in  March,  1893: 

Example. — If  15,000  cubic  feet  of  air  per  minute  are  passing  through 
an  airway  4,000  feet  in  length,  and  6  feet  by  8  feet  in  section,  what 
should  be  the  dimensions  of  the  section  of  another  airway  of  precisely 
the  same  form  (i.  e. ,  a  similar  section)  to  pass  the  same  quantity  of  air, 
the  length,  however,  being  8,000  feet,  instead  of  4,000  feet,  as  in  the 
former  case? 

Solution. — Since  the  pressure  is  not  stated,  it  is  evidently  intended 
to  be  the  same  in  both  cases.  Then,  according  to  the  above  state- 
ments, the  lengths  of  similar  sides  are  to  each  other  as  the  fifth  roots 
of  the  lengths.     Hence,  6  :  x  ::  -{^4,000  :  -f^3,000; 

^  =  6x|S  =  6//?;^  =  6x.»44  =  5.644ft. 
f 4,000         ^    4,000 

Now,  since  the  sections  are  similar,  the  sides  are  prof>ortional ; 

hence,  6  :  5.664  :i  8  :  ^;   or,  x  =  ^'^  ^  ^  =  7.552  ft.     Therefore,  the 
section  is  5.664'  x  7552'.     Ans. 
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977.  From  formula  55  there  may  also  be  deduced  the 
proposition  that  if  two  square  airways  have  the  same  length 
and  pass  the  same  quantities  of  air,  the  lengths  of  the 
sides  of  the  airway  will  then  vary  inversely  as  the  fifth 
roots  of  the  pressures.  This  statement  applies,  of  course, 
to  airways  of  similar  sections.  Conversely,  the  pres- 
sures vary  inversely  as  the  fifth  powers  of  the  lengths  of 
the  sides. 

A  method  of  finding  the  fifth  roots  of  numbers  will  be 
given  hereafter.    (See  Art.  lOOO.) 

978.  Ottier  Resistances. — All  that  is  necessary  for 
the  calculation  of  the  resistance  of  the  flow  of  air  through  a 
straight  airway  has  now  been  given,  and  all  that  remains  to 
be  considered,  so  far  as  appertains  to  the  flow  of  air,  are 
those  effects  produced  by  bends,  contractions,  or  enlarge- 
ments of  the  sections,  and  splits.  Each  of  the  foregoing 
results  in  a  change  in  the  velocity  of  the  flowing  air,  and, 
consequently,  in  a  change  in  the  ventilating  pressure.  The 
losses  due  to  bends  are  considerable,  particularly  a  bend  of 
90°  or  greater.  Where  a  bend  is  absolutely  necessary,  the 
corners  should  be  rounded  (if  practicable)  to  as  large  a 
radius  as  possible,  if  it  is  desired  to  reduce  the  mine  resist- 
ance to  a  minimum.  There  is  no  reliable  formula  for  cal- 
culating the  resistance  due  to  bends,  but  they  certainly  re- 
duce the  velocity  to  a  great  extent,  especially  a  bend  of  90° 
or  greater.  If  the  reduction  or  enlargement  of  the  sectional 
area  is  slight  compared  with  the  sectional  area  of  the  air- 
way, the  consequent  loss  of  velocity  may  be  disregarded  en- 
tirely. In  any  case,  it  is  a  difficult  matter  to  decide  how 
much  to  allow  for  such  loss.  The  losses  due  to  regulators 
and  to  splits  will  be  treated  separately  in  a  later  section. 
Since,  as  before  mentioned,  the  coefficient  of  friction, 
.0000000217,  is  very  high,  much  above  what  would  actually 
be  obtained  in  practice  for  a  straight  airway,  the  losses  due 
to  bends,  enlargements,  and  contractions  may  be  neglected 
altogether  without  any  material  error,  the  airway  being  cal- 
culated as  if  it  were  straight  and  of  uniform  section  through- 
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out.     This  statement  applies,  of  course,  to  slight  enlarge- 
ments or  contractions. 

979.  Formulas. — Formulas  36  to  64,  inclusive,  and 
others  which  are  not  quite  as  important,  are  given  in  Table 
24,  so  as  to  be  convenient  for  reference.  The  formulas  not 
previously  given  are  denoted  by  the  letters  a,  b,  c,  etc.  A 
specimen  calculation  is  also  worked  out  with  each  formula. 
To  prevent  any  misconception,  the  letters  and  their  mean- 
ings are  repeated  below : 

a  =  sectional  area  of  airway  in  square  feet ; 

H  =  horsepower ; 

k  =  coefficient  of  friction  =  .0000000217; 

/   =  length  of  airway  in  feet ; 

0  =  perimeter  of  airway  in  feet ; 

/  =  ventilating  pressure  in  pounds  per  square  foot ; 

P  =  total  ventilating  pressure  in  pounds ; 

q  =  quantity  of  air  in  cubic  feet  per  minute ; 

s  =  rubbing  surface  in  square  feet ; 

u  =  units  of  power  in  foot-pounds  per  minute ; 

V  =  velocity  in  feet  per  minute; 

IV  =  water-gauge  in  inches  of  water. 
To  render  the  formulas  more  convenient  for  reference, 
they  are  not  given  in  sequence  according  to  their  numbers, 
but  are  classified  according  to  the  letters  whose  values  it  is 
desired  to  find,  the  letters  having  the  meaning  given  above. 
The  basis  for  the  calculations  is  an  airway  5  feet  wide  by 
4  feet  high  and  2,000  feet  long,  the  velocity  to  be  500  feet 
per  minute. 
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LA^ITS   OF   VENTILATION. 

980.  In  order  to  ascertain  the  effects  produced  by 
varying  the  airway  or  by  varying  the  quantity,  velocity, 
etc.,  of  the  air,  it  is  generally  easier  to  make  use  of  one  of 
the  following  laivs  than  to  solve  by  means  of  one  of  the 
foregoing  formulas.  The  laws  are  also  useful  for  comparing 
the  results  obtained  from  two  airways.  Letting  /,  ^,  v,  j, 
etc.,  represent,  respectively,  the  pressure,  quantity,  velocity, 
rubbing  surface,  etc.,  before  the  change,  and  /,>  ^j,  ^',, -y,, 
etc.,  the  same  things  after  the  change,  the  laws  may  be 
stated  as  follows: 

(1)  The  pressure  varies  directly  as  the  extent  of  the 
rubbing  surface;  i.  e.,  /:/,::  j  :  j^,   or  P:  P^  ::  s  \  s^, 

(2)  The  pressure  varies  directly  as  the  density*  of  the 
air;  i.  e.,  p  \ p^w  w  \  w^^   or  P\  P^  ::  w  \w^, 

(3)  The  pressure  varies  directly  as  the  square  of  the 
quantity;  i.  e.,  p  '> p^  '-'"  q*  '»  q^,  or  P :  P^  ::  ^"  :  q*. 

(4)  The  pressure  varies  directly  as  the  square  of  the 
velocity;  i.  e.,  p  \  p^w  v^  \  v^^  or  P\  P^wv^  \  v^. 

(5)  The  pressure  varies  directly  as  the  length  of  the 
airway ;  i.  e.,  p  '- P^  -'-  I '-  l,y   or  P\  P^w  I  \  l^. 

(6)  The  pressure  varies  directly  as  the  length  of  the 
perimeter;  i.  e.,  P  '> p^  y»  o  \  o^^  or  P:  P^  ::  o  :  o^, 

(7)  The  pressure  per  square  foot  varies  inversely  as 
the  area  of  the  airway;  i.  ^.^  p  \ p^w  a^\  a. 

(8)  The  quantity  varies  directly  as  the  square  root  of  the 
pressure;  i.  e.,   q  \  q^w  i/p  :  4//,,    or  q  \  q^  ::  ^P  :  V^- 

(9)  The  quantity  varies  directly  as  the  cube  root  of  the 
power;  i.  e.,    ^  :  ^,  ::  ^u  :  y^,  ox  q  \  q^  ::  i^Ti  :  !^7T^. 

(10)  The  quantity  varies  inversely  as  the  square  root  of 
the  rubbing  surface;  i.  e.,   q  \  q^w  ^s^  :  4/7. 

(11)  The  velocity  varies  directly  as  the  square  root  of  the 
pressure;  i.  e.,  7'  :  ?',  ::  \^p  :  |/^, ,    or  v  :  7^^  ::  \fP  :  4//^, . 


*By  density  is  meant  the  weight  of  a  cubic  foot  in  pounds. 
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(12)  The  velocity  varies  directly  as  the  square  root  of 
the  area;  i.  e.,  v  \  2\  ::  j/a  :  |/^. 

(13)  The  velocity  varies  inversely  as  the  square  root  of 
the  length  of  the  airway;  i.  e.,  v  :  i\  ::  |/7^  :  \/T, 

(14)  The  velocity  varies  inversely  as  the  square  root  of 
the  rubbing  surface;  i.  e.,   v  :  v^  ::  \/s^  :  \/J. 

(15)  The  power  varies  directly  as  the  cube  of  the  quan- 
tity; i.  e.,    u  :  ;/,  ::  q*  :  ^/,    or  H :  H^  ::  q^  :  q*. 

(16)  The  rubbing  surface  varies  inversely  as  the  square 
of  the  quantity;  i.  e.,  s  :  s^::  q*  \  q^. 

(17)  The  rubbing  surface  varies  inversely  as  the  square 
of  the  velocity;  i.  e.,    s  :  s^  :\  v^  :  z/\ 

(18)  The  sectional  area  varies  directly  as  the  square  of 
the  velocity;  i.  e.,  a  \  a^wv^  \  v^, 

(19)  The  length  of  the  airway  varies  inversely  as  the 
square  of  the  velocity;  i.  e.,  I  \  l^w  v^  :  z/'. 

(20)  The  length  of  the  airway  varies  inversely  as  the 
square  of  the  quantity;  i.  e.,   /:/,::  ^,"  :  ^'. 

For  similar  airways,  let  d  equal  the  length  of  a  side ;  then, 

(21 )  The  quantity  varies  directly  as  the  square  root  of  the 
fifth  power  of  the  length  of  the  side ;  i.  e. ,   q  \  q^\'*  \^d''  :  \^d~^. 

(22)  The  pressure  varies  inversely  as  the  fifth  power  of 
the  length  of  the  side;  i.  e.,  /:/»::  ^,*  :  d*. 

(23)  The  length  of  the  side  varies  inversely  as  the  fifth 
root  of  the  pressure;  i.  e.,   d  \  d^w  -//,  :  ^. 

(24)  The  length  of  the  side  varies  directly  as  the  fifth  root 
of  the  square  of  the  quantity;  i.  e.,  d  \  d^w  Y^  ^  VYx- 

To  the  above  laws  may  also  be  added  another : 

(25)  If  equal  quantities  of  air  pass  through  two  air- 
ways, the  velocities  will  vary  inversely  as  the  areas;  i.  e., 
V  :  %\  ::  a^\  a. 
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PRACTICAL.  PROBLEMS. 

98  !•  To  illustrate  the  application  of  the  foregoing  laws 
and  formulas,  a  series  of  practical  examples  such  as  are 
asked  at  examinations  for  mine  foremen,  together  with  their 
solutions,  will  now  be  given.  By  paying  particular  and 
careful  attention  to  the  statements  of  the  examples  and  the 
solutions  following  them,  the  student  should  then  be  able  to 
work  similar  ones  without  trouble.  The  above  twenty-five 
laws  should  be  carefully  memorized,  so  that  the  student  will 
not  be  obliged  to  refer  to  them. 

1.  What  quantity  of  air  is  passing  down  a  shaft  12  feet  in  diameter 
when  the  current  has  a  velocity  of  325  feet  per  minute  ? 

Solution.— Since  the  diameter  is  specified,  the  shaft  is  evidently 
circular.     Applying  formula  43, 

^  =  a  2/  =  12«  X  .7854  X  325  =  36,756.72  cu.  ft.  per  minute.     Ans. 

2.  Where  the  airway  is  12  feet  wide  at  the  bottom,  10  ft.  4  in.  wide 
at  the  top,  and  6  ft.  6  in.  high,  and  the  velocity  of  the  air  is  340  feet 
per  minute,  what  is  (a)  the  sectional  area  of  the  airwa^,  and  (d)  the 
quantity  of  air  passing  per  minute  ? 

Solution. — (a)  The  section  is  a  trapezoid  ;  hence, 

lOi-i-12      ^,      ^^,         .^ 
area  =  —^ X  6|  =  72,^  sq.  ft., 

since  4  in.  =  i^  ft.,  and  6  in.  =  |  ft.     Ans. 
{d)  Applying  formula  43, 

q  =iav  —  12^  X  340  =  24,678^  cu.  ft.  per  minute.     Ans. 

3.  If  a  shaft  8  ft.  by  24  ft.  in  section  is  the  intake,  and  the  fan  is 
exhausting  160,000  cubic  feet  of  air  per  minute,  what  is  the  velocity 
of  the  air-current  in  the  shaft  ? 

Solution. — Applying  formula  44, 

V  =  —  =  Q    '  ^.  —  833^  ft.  per  minute.     Ans. 

4.  The  section  of  an  airway  is  a  right-angled  triangle,  10  feet  wide 

at  the  base  and  7^  feet  high  ;  what  quantity  of  air  is  passing  when  the 

velocity  is  280  feet  per  minute  ? 

10  X  7  5 
Solution. — Area  of  section  = '  =37.5  sq.  ft.     Then,  applying 

formula  43, 

q  =  av  =  dl.^X  280  =  10,500  cu.  ft.  per  minute.     Ans. 
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5.     An  air-course  is  500  yards  long,  6  feet  high,  and  7  feet  wide ;  what 
is  (a)  its  sectional  area,  {d)  its  perimeter,  and  (r)  its  rubbing  surface  ? 

Solution. — (a)  Sectional  area  a  =  6  x  7  =  42  sq.  ft.     Ans. 

(d)  Perimeter  £i  =  6x2H-7x2  =  2«ft.     Ans. 

(c)  Applying  formula  42, 

j  =  /^  =  500x3x26  =  39,000  sq.  ft.     Ans. 

6.  The  rubbing  surface  is  25,000  sq.  ft.  and  the  perimeter  50  ft. ; 
what  is  the  length  ? 

Solution. — Applying  formula  41, 

,      s      25.000      ,_,.^       . 
/  =  —  =  — =ry —  =  500  ft     Ans. 
o  50 

7.  When  the  water-gauge  is  1.85  in.,  what  pressure  per  square  foot 
d3es  it  indicate  ? 

Solution.—  /  =  5.2  ^=  5.2  x  185  =  9.62  lb.  per  square  foot.   Ans. 

8.  What  is  the  total  ventilating  pressure  of  an  airway  6  feet  by 
7  feet,  the  water-gauge  being  .5  of  an  inch  ? 

Solution. — Pressure  per  square  foot  =  5.2  x  .5  =  2.6  lb. ;  area  = 
6  X  7  =  42  sq.  ft.     Applying  formula  36, 

/>=/«  =  2.6  X  42  =  109.2  lb.     Ans. 

9.  What  quantity  of  air  is  passing  through  an  airway  7  feet  high 
by  7  feet  wide  yirhen  the  velocity  of  the  current  is  300  feet  per  minute  ? 

Solution. — Applying  formula  43, 

^  =  fl  v  =  7  X  7  X  300  =  14,700  cu.  ft.  per  minute.     Ans. 

10.  If  80,000  cubic  feet  of  air  are  required  per  minute  in  a  mine, 
and  the  shaft  velocity  must  not  exceed  800  feet  per  minute,  what  is  the 
smallest  sectional  area  that  the  shaft  may  have  ? 

Solution. — Using  formula  45, 

^      80,000       ,^        .        . 
a  =  ^  =      '        =z  100  sq.  ft.     Ans. 
?/         800  ^ 

11.  Suppose  a  gangway  10  feet  by  10  feet  and  1,000  feet  long,  in 
which  the  air  has  a  velcx:ity  of  450  feet  per  minute,  and  the  pressure  as 
indicated  by  the  water-gauge  is  2  pounds;  what  is  (a)  the  water-gauge 
reading,  (^)  the  quantity  of  air  passing  per  minute,  and  {c)  the  horse- 
power ? 

2 
Solution. — (a)  Water-gauge  =  li^=  -^  =  .38  in.     Ans. 

{d)  Applying  formula  43, 

^  =  a7/=10xl0x  450  =  45,000  cu.  ft.  per  minute.     Ans. 
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(c)  Using  formula  48, 

„_    pq    _  2X45,000 
~  33.000  ~      33,000     -  ^-  ''^^  "'  ^-     -^"*- 

12.  If  you  have  two  airways  under  the  same  pressure,  one  6  feet 
wide,  6  feet  high,  and  5,000  feet. long,  the  other  8  feet  wide,  4^  feet 
high,  and  5,000  feet  long,  which  will  pass  the  greater  quantity  of  air, 
and  why  ? 

Solution. — Since  the  pressure  and  length  remain  the  same,  it  is 
evident  that  the  airway  having  the  smaller  perimeter  will  pass  the 
greater  quantity,  since  the  rubbing  surface  will  be  less;  perimeter  of 
first  airway  =  6  X  4  =  24  ft. ;  of  the  second  airway,  8x2-i-4ix2  = 
25  ft.  Representing  by  1  the  amount  passed  by  the  first  airway,  and 
applying  law  (lO),  1  :  ^i  ::  4/25  :  |/24,  or  ^i  =  .98  ;  i.  e.,  the  second 
airway  will  pass  98^  of  the  amount  passed  by  the  first  airway.     Ans. 

13.  The  pressure  producing  ventilation  is  7.8  pounds  per  square 
foot ;  what  is  the  water-gauge  ? 

{>       7  8 
Solution.—      W^=:  ^  =  ^  =  1.5  =  li  in^    Ans. 

5.2      5.2 

14.  When  the  quantity  of  air  passing  is  60,000  cubic  feet,  with 
a  water-gauge  of  1.5  inches,  what  are  the  units  of  power  producing 
ventilation  ? 

Solution. — Pressure  =  /  =  5.2  W^=  5.2  X  1.5  =  7.8  lb.  per  square 
foot.     Using  formula  47, 

«  =;/  ^  =  7.8  X  60,000  =  468,000  ft.  lb.  per  minute.     Ans. 

15.  How  many  horsepower  are  represented  by  468,000  units  of 
power  ? 

Solution. — Using  formula  48, 

16.  With  a  water-gauge  of  y*^  of  an  inch,  the  quantity  of  air  passing 
is  24,000  cubic  feet  per  minute  ;  what  water-gauge  will  be  required  to 
pass  36,000  cubic  feet  per  minute  ? 

Solution. — Since  the  water-gauge  and  pressure  are  directly  propor- 
tional to  each  other,  law  (3)  may  be  applied  ;  or, 

24,000*  :  36,000*  ::  .6  :  ^  ;  whence,  ,t  =  1.35  in.  of  water.     Ans. 

17.  If  16,500  cubic  feet  of  air  are  passing  per  minute  with  a  pres- 
sure of  4.68  pounds  per  square  foot,  what  quantity  will  pass  with 
a  pressure  of  6. 24  pounds  per  square  foot  ? 

Solution. — Applying  law  (8), 
16,500  :  qy  ::  |/4768  :  4/6^24;  or,  qy  -  19,053  cu.  ft.  per  minute.     Ans. 
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18.  If  3  horsepower  pass  15.000  cubic  feet  of  air  per  minute,  what 
horsepower  would  be  required  to  double  the  quantity  ? 

Solution. — Applying  law  (15), 

8  :  iVi  ::  15.000» :  (15,000  X  2)«;  or,  /A  =  24  H.  P.     Ans. 

19.  Is  there  any  disadvantage  or  loss  in  having  the  air  travel  at  a 
high  speed  ? 

Solution. — There  is  a  very  decided  loss;  for,  according  to  the  third 
law  of  friction,  the  pressure  varies  as  the  square  of  the  velocity.  If, 
therefore,  the  velocity  is  to  be  doubled,  the  pressure  must  be  increased 
as  the  square  of  two;  that  is,  four  times.  If  the  velocity  is  to  be 
trebled,  the  pressure  must  be  increased  as  the  square  of  three ;  that  is, 
nine  times. 

20.  If  32,000  cubic  feet  of  air  are  passing  through  an  airway  6'x  5', 
under  a  pressure  of  3.6  pounds  per  square  foot,  what  pressure  is  neces- 
sary in  an  airway  9'  X  5'  to  pass  the  same  quantity  ? 

Solution. — Call  the  resistance  of  the  first  airway  A^  and  that  of  the 
second  one  B,  and  call  the  required  pressure  x\  then,  A  i  B  ii^.^i  x, 

or  jr  =  -^  X  3.6,  because  the  pressures  vary  directly  as  the  resistances. 


c 


'32,000  \*     28       ^  ^  28       ^  ^ 

.-45-)  X  45  X  3.6  ^^3X3.6 

■^=      /  32,000 y      22      '    '''''  ^y  cancelation,  x^ 

\"W')  ^30 


22 


302 


SO'       28  2'       14 

Further,  ^  =  ^  X  ^  X  8.6  =  ^  X  ^  X  3.6  =  1.3575  lb.,  the  re- 
quired pressure  per  square  foot.     Ans. 

21.  If  a  pressure  of  3.2  pounds  per  square  foot  produces  a  velocity 
of  560  feet  per  minute,  what  pressure  is  required  to  produce  a  velocity 
of  700  feet  per  minute  in  the  same  airway  ? 

Solution. — Applying  law  (4), 

3.2  :  /i  ::  560* :  700* ;  whence,  /i  =  5  lb.  per  square  foot.     Ans. 

22.  If  24,000  cubic  feet  are  passing  through  an  airway  having  a 
rubbing  surface  of  75,000  square  feet,  what  quantity  will  pass  if  the 
rubbing  surface  is  increased  to  100, (XK)  square  feet,  the  increase  of 
rubbing  surface  being  due  to  the  lengthening  of  the  airway  ? 

Solution. — Applying  law  (lO), 

24,000  :  qx  ::  VTOMOO  :  i/75,000;  or,  ^,  =  20,785  cu.  ft.     Ans. 

23.  If  in  an  airway  1,200  feet  long  the  air  has  a  velocity  of  400  feet 
per  minute  under  a  pressure  of  3  pounds  per  square  foot,  what  must 
the  pressure  be  to  maintain  the  same  velocity  if  the  length  of  airway 
is  increased  to  1,800  feet  ? 
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Solution. — Applying  law  (5), 

3  :  /,  ::  1,200  :  1,800  ;  or,  /,  =  4.5  lb.  per  square  foot.     Ans. 

24.  If  the  air  passes  with  a  velocity  of  600  feet  per  minute  through 
an  airway  whose  sectional  area  is  64  square  feet,  what  will  the  velocity 
be  if  the  area  is  decreased  to  46  square  feet,  the  pressure  remaining 
constant  ? 

Soi-UTiON. — Applying  law  (12), 

600  :  7/,  ::  ^M  :  i/4«  ;  or.  ?/,  =  519.6  ft.  per  minute.     Ans. 

25.  Two  circular  airways  of  the  same  length  have  diameters  of  3 
feet  and  4  feet,  respectively  ;  if  a  pressure  of  5  pounds  per  square  foot 
will  force  the  air  through  the  4-foot  airway,  what  pressure  is  required 
to  |>ass  the  same  quantity  through  the  3-foot  airway  ? 

Solution. — Law  (22)  must  be  applied  to  this  case,  and  since  a  circle 
has  no  sides,  the  perimeter  or  diameter  may  be  used  in  the  proportion. 
Hence,  5  :  /»  ::  8*  :  4*  ;  or.  5  :  /,  ::  243  :  1,024  ;  whence.  /,  =  21.07  lb. 
per  square  foot,     Ans. 

26.  If  10,000  cubic  feet  of  air  pass  per  minute  through  a  circular 
airway  12  feet  in  diameter^  how  many  cubic  feet  per  minute  will  pass 
through  an  airway  6  feet  in  diameter  and  having  the  same  length,  the 
pressure  being  the  same  in  both  cases  ? 

Solution. — Applying  law  (21), 

10,000  :  fy  ::  i/i2^  :  ^6*  ;  or,  $r,  =  1,768  cu.  ft.  per  minute.     Ans. 

982.  Remarks. — By  aid  of  the  foregoing  laws  and 
formulas,  the  student  can  calculate  any  problem  relating  to 
the  flow  of  air  which  does  not  involve  splits  or  regulators. 
Many  of  the  formulas  would  be  unnecessary  if  the  student 
had  even  a  slight  knowledge  of  algebra.  For  example, 
formulas  a',  f,  39  and  40  are  all  derived  from  formula  38 
by  simply  transposing  terms;  and  formula  38  is,  in  turn, 
derived  from  formula  37  by  substituting  for  Pits  value/  a. 
If  the  student  has  no  knowledge  of  algebra,  he  should 
memorize  all  of  the  numbered  formulas. 

983.  In  working  examples,  the  student  should  proceed 
as  follows:  Consider  example  11,  Art.  981.  First  ascertain 
what  is  required.  In  this  example  we  want  the  water-gauge, 
the  quantity,  and  the  horsepower.  The  water-gauge  is  easily 
obtained,  since  /,  the  pressure  per  square  foot,  is  given.  To 
find  ^,  the  quantity,  we  look  in  Table  24,  and  find  that  there 
are  five  formulas  by  which  the  value  of  q  may  be  obtained. 
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We  can  not  use  p  or  51 ,  because  we  do  not  know  the  values 
of  u  or  If;  but  we  caft  use  any  one  of  the  three  remaining 
formulas,  for  we  know,  or  can  readily  find,  the  values  of 
tf,  t/,  s^  and  ^,  which  are  given  in  the  example.  Such  being 
the  case,  we  naturally  use  the  one  which  will  require  the 
least  amount  of  labor,  and  that  is,  evidently,  formula  43. 
To  find  //,  the  horsepower,  we  refer  again  to  Tabic  24,  and 
find  four  different  forms  of  formula  48,  any  one  of  which 
may  be  used,  since  «,  in  the  first  form,  may  be  found  by 
means  of  formula  47.  We  again  use  the  easiest  one, 
which  is  the  one  used  in  the  solution,  since  the  values  of 
p  and  g  are  both  known. 

Examples  solved  like  Example  18,  Art.  981 ,  are  worked 
in  a  similar  manner.  First  find  what  is  wanted  (in  this  case 
If  J  and  what  is  given  (in  this  case  //,  ^,  and  ^,);  then  look 
in  the  list  of  laws  (Art.  980)  for  one  giving  the  relation  be- 
tween the  horsepower  and  the  quantity  (in  this  case  law  1 5). 


INFLUENCE    OF    A    STACK    UPON    THE 

MOTIVE   COLUMN. 

984.  The  erection  of  a  stack  over  the  upcast  shaft  has 
the  same  effect  as  increasing  the  effective.depth  of  the  shaft, 
or,  in  other  words,  increasing  the  height  of  the  motive 
column.  The  quantity  of  air  in  circulation  is  thereby  in- 
creased according  to  the  proportion 

^.  =  ^.  |/^, 

and  ^,  =  g,  ^'  ^^C  <**»•) 

in  which  ^,  =  quantity  of  air  in  circulation  per  minute  with- 
out the  stack ; 

q^  =z  quantity  of  air  in  circulation  per  minute  after 
the  stack  is  erected ; 

D  =  depth  of  shaft  ; 

h  =  height  of  stack. 
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Example.— The  depth  of  a  certain  furnace  shaft  is  225  feet,  the 
height  of  the  stack  over  it  is  31  feet;  to  what  will  a  circulation  of 
24.000  cu.  ft.  per  minute  be  reduced  if  the  stack  is  blown  down  ? 

Solution. — Applying  formula  55i, 


/ 225  Tj 

gx  =  24.000>j/  55= — 5-  =  24.000  X  -^  =  22,500  cu.  ft.  per  minute.    Ans. 


SPLITTING  THE  AIR, 

« 

985.  By  splitting  is  here  meant  dividing  the  ventilating 
current  into  two  or  more  currents,  each  of  which  circu- 
lates in  a  separate  district  of  the  mine;  any  currents  thus 
formed  is  commonly  called  a  split. 

The  benefits  to  be  derived  from  the  splitting  of  the  air- 
current  may  be  stated  as  follows : 

{a)  A  larger  volume  of  air  may  be  circulated  in  a  mine 
with  the  same  power. 

{b)  Fresher  and  purer  air  is  supplied  at  the  working  face 
in  each  district,  and  the  velocity  of  the  current  traversing 
the  face  is  moderate. 

(c)  Each  district  has  its  own  circulation,  which  is  readily 
controlled,  and  may  be  increased  or  decreased  as  occasion 
may  require. 

{d)  An  explosion  or  a  windy  shot  occurring  in  one  dis- 
trict is  not  as  often  transmitted  throughout  the  mine. 

The  student  will  realize  at  once  the  importance  of  a 
thorough  knowledge  of  this  portion  of  the  subject.  For 
example,  the  means  employed  for  the  ventilation  of  a  new 
mine,  whether  fan  or  furnace,  are  often  found  after  a  year 
or  two  of  rapid  development  to  be  inadequate  to  the  present 
need.     This  difficulty  is  easily  overcome  in  most  cases  by 

...   judicious  splitting  of  the  ventila- 


g^' I  ""wttlt"" 


ting  current. 


{  —       986.     In  order  to  study  the  ef- 

FiG.  140.  fects  of  splitting,  consider  Fig.  140, 

which  represents  an  airway  1,000  feet  long  and  5'  X  6'  in 
section.     Suppose  that  12,000  cubic  feet   per  minute  are 
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passing;  then,  the  velocity  is  — ^ — -^  =  400  feet  per  min- 
ute. The  rubbing  surface  is  (2  X  5  +  2  X  6)  X  1,000  = 
22,000  square  feet.  Hence,  by  formula  31,  u=^ksv'-=^ 
.0000000217  X  22,000  X  400'  =  30,653.6  foot-pounds  per  min- 
ute. 

Suppose  that  midway  in  its  length  the  airway  were  to  be 
enlarged,  as  shown  by  the  dotted  lines.  The  velocity  in  the 
large  airway  must  now  be  greatly  reduced,  since  the  quantity 
discharged  is  the  same  as  before  (assuming  that  the  velocity 
in  the  small  airway  remains  400  feet  per  minute),  and  the 
area  of  the  section  being  larger,  the  velocity  must  be  less. 

By  formula  22,  the  velocity  =  7/  =  -^  =  ^^^^  =  100  feet 
^  ^  ^  a       10X12 

per  minute.  Now,  since  the  rubbing  surface  of  the  small 
airway  is  just  one-half  of  what  it  was  before,  the  power  re- 
quired to  force  the  air  through  it  must  evidently  be  one-half, 

30  553  6 
or   — ^-^ — '—  =  15,276.8  foot-pounds  per  minute.     The  power 

required  to  force  the  air  through  the  large  airway  is  (see 

k  s  V* 

formula  25)  «  =/  ^  = X  g  = 

.0000000217  X  [(2  X  10  +  2  X  12)  X  500]  X  100'  ^  .«  ^^^  _ 

io^ri2:  ^  ^^^^  - 

477.4  ft. -lb.  per  minute.  Hence,  the  total  power  =  15,276. 8  + 
477.4  =  15,754.2  foot-pounds  per  minute,  while  in  the  former 
case,  30,553.6  foot-pounds  per  minute  were  required.  This 
shows  that  by  enlarging  the  airway,  as  shown,  the  same 
quantity  may  be  passed  with  a  greatly  reduced  power,  or 
the  quantity  may  be  greatly  increased  with  the  same  power. 
The  quantity  that  will  pass  with  the  same  power  is  easily 
found  by  applying  law  1 5.     Thus, 

15,754.2  :  30,553.6  ::  12,000*  :  ^/, 
or  g^  =  14,965  cu.  ft.  per  min. 

Since,  before  the  enlargement,  12,000  cubic  feet  were  dis- 
charged, the  gain  is  14,965  —  12,000  =  2,965  cubic  feet  per 
minute,  or  very  nearly  25  per  cent.      * 
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The  above  calculation  shows  that  in  the  case  just  consid- 

15  5^76  8 
ered  the  small  airway  requires      *       .     =  32  times  as  much 

power  as  the  large  one,  and  that  if  the  small  airway  be 
decreased  in  length,  this  proportion  of  32  to  1  will  also 
decrease.  Consequently,  in  cases  like  the  above,  it  is  best 
to  decrease  the  length  of  the  small  airway  as  much  as 
possible. 

98Bi.  To  split  the  air-current  to  advantage  requires  that 
the  main  airways,  both  intake  and  return^  as  also  the  down- 
cast and  upcast  shafts,  shall  be  of  ample  sectional  area.  A 
wise  provision  should  always  be  made  in  this  respect,  since 
the  entire  circulation  for  all  the  districts  must  pass  through 
these  main  airways.  Were  it  not  for  this  crowding  of  all 
the  circulation  into  these  main  conduits  for  a  short  distance, 
the  volume  of  air  produced,  when  the  power  remains  con- 
stant, would  be  always  proportional  to  the  number  of  pri- 
mary splits.  That  is  to  say,  we  would  obtain  double  the 
quantity  of  air  with  the  same  power  when  we  double  the 
number  of  splits,  and  likewise  for  any  number  of  primary 
splits  the  quantity  would  be  in  proportion  to  the  number  of 
splits.  But  since  all  the  circulation  must  be  crowded  through 
the  main  airway  at  a  high  velocity  till  the  point  is  reached 
where  the  first  split  is  made,  we  do  not  obtain  an  increase 
of  quantity  in  the  same  proportion  as  we  increase  the  num- 
ber of  splits.  The  increase  in  quantity  will  always  be  in  a 
less  ratio.  To  make  this  clear,  let  us  take  for  illustration 
some  practical  examples. 

Example  1. — Find  the  power  (foot-pounds  per  minute)  that  will  cir- 
culate 24,000  cubic  feet  of  air  per  minute  in  a  mine,  under  the  following 
conditions  :  the  air  to  be  circulated  in  one  continuous  current  through 
an  airway  16.000  feet  long,  including  the  return,  the  size  of  all  the  air- 
ways to  be  6'  X  10'  throughout  the  mine. 

Solution. — Using  formula  U'. 

ksg^      .0000000217  X  2  (6  +  10)  X  16.000  x  24.000*     .„,,  ^^  .^  „ 

u  =  - ,-  = l(^^riQ? =  ^^^'^  ^^'^^ 

per  minute.     Ans. 
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Example  2. — Find  the  power  (Cuut-pounds  per  minute)  that  will  circu- 
late 24,000  cubic  feet  of  airthrough  a  mine  under  the  following  conditions: 
Referring  to  Fig.  141,  the  air  iBSt-   ■  ■  /  •  ■^MHjiiiiS^Mi 

is  divided  at  the  fool  of  the  W.    i"^^^^^P 

downcast  r/  into  four   splits,  %^  ^^M  ^W 

each  3,600  feet  long  and  6  X  10 

feet   in    section,    and    finally  mm^m 

unitedatthefootof theupcast   ^^^  W^^ 

u.     The  shafts  are  each   800  i-  fLM  W^ 

feet  deep  and  are  also  6'  x  10'    'A  ^  ^  ^ 

that  the  size  and  total  length  '.^/~^  ~^M 

Solution.— It  is  evident 
that  the  total  power  is  equal 
to  the  sum  of  the  powers  ab- 
sorbed in  the  different  pas- 
sages. Using  formula  U',  ihe 
power  absorbed  in  the  two  shafts  is 

_^  J  y'_. 0000000217  X  2(6 -^  10)  X  a  X  BOO  x  24,000' _  ^.  ,^,    , 
u-     ^     -  (BXIO)*  -  .l,l(ntt.-ID. 

per  minute,  nearly. 

Using  the  same  formula  and  noting  that,  since  the  splits  are  equal, 
the  quantity  of  air  passing  through  each  will  be  — ^j —  =  6,000  eu.  ft,, 
the  power  absorbed  by  the  splits  is 

_ksg*_  .0000000217  X  2  (6 +  10>x  4x8,600x6,000'  _ 
"  ~     ■»"     ~  (fl  X  10)» 

pounds  per  minute,  nearly. 

The  toUl  power  is  therefore  71,107  +  10.000  =  81,107  ft.-lb.  per  min. 

This  result  shows  that  in  this  case  it  required,  after  splitting,  but 
11.4  per  cent,  of  the  power  originally  required  to  pass  the  same  quan- 
tity of  air  through  the  mine. 

ExAUPLB  3.  — Determine  the  quantity  of  air  that  the  power  used  in 
Example  1  will  pass  through  a  mine  having  the  same  conditions  as 
those  in  Example  2. 

Solution.— Applying  law  15, 

81,107  :  711,066  =  24,000'  :  ?,»; 


=  10,000  foot- 


1.066 


X  34,000  =  49,488cubic feet  perm 


:,  nearly.  Ana. 


Comparing  the  result  in  Example  3  with  the  quantity  cir- 
culated in  Example  1,  it  will  be  ^en  that,  by  splitting  as  in 
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Example  2,  over  twice  as  much  air  is  passed  through  the 
mine  with  the  same  power. 

986t«  In  all  cases  of  equal  splitting  at  a  distant  point 
in  the  mine,  the  increased  quantity  of  air  put  in  circulation 
by  the  original  power  may  be  found  by  the  formula 

n  a 

9.  =    /         , (55,.) 

1/1 +f  («•-!) 

in  which  q  =  original  quantity ; 
q^  =  increased  quantity; 
n  =  number  of  splits; 
/  =  length  of  airway  from  beginning  of  intake  to 

point  of  splitting ; 
L  =  total  length  of  original  airway. 

Example.— In  a  drift  mine  8,500  feet  long,  50,000  cubic  feet  of  air 
per  minute  are  circulated  in  a  continuous  current.  What  quantity 
will  the  same  power  circulate  if  three  splits  are  made  at  a  point  on  the 
intake  1,000  feet  from  the  drift  mouth  ? 

Solution. — Applying  formula  55a« 

« <^  8  X  60.000  ^  „^        .        . 

qx  =  —  =  —  =  73.702  cu.  ft.     Ans. 


3,500 

986s«  If  the  method  of  ventilating  a  mine  be  changed 
from  a  continuous  current  to  a  number  of  splits,  the  total 
quantity  of  air  that  the  original  power  will  pass  through  the 
splits  can  be  found  by  the  following  formula,  in  which  q^  = 
total  quantity  passing  through  the  splits;  q  =  quantity  pass- 
ing through  original  airway;  ^^  =  total  area  of  splits;  a  = 
area  of  original  airway;  Sf  =  total  rubbing  surface  of  splits; 
and  s  =  rubbing  surface  of  original  airway.  If  desired,  the 
quantities  passing  through  the  separate  splits  can  then  be 
found  by  the  method  used  in  Art.  992. 


,  =  ^'^V^.  (55..) 


a        Si 


Example. — If  a  certain  power  circulates  80,000  cu.  ft.  of  air  per  min. 
through  an  airway  9'  X  6'  in  section  and  9.400  ft.  long,  what  quantity  will 


gt  =  - 


g6  MINE  VENTILATION.  53 

it  pass  through  the  following  spHis  which  are  substituted  for  the  origi- 
nal airway?  Split  A,  9'  x  6'  in  section  and  5,4*0  ft.  long;  split  B. 
8'x5  in  section  and  3.600  ft.  long;  split  C,  6x6'  in  section  and 
8,000  ft.  long. 

Solution. — Using  formula  55«, 

X  5  +  6  X  fl)  X  80.000 
Oxe  ^ 

'/  2itf -r  6)  X~fl.4l>0  _ 

r   2(B  +  6)x5.400  +  3(»  +  5)x3.600  +  3(6  +  6)X3.000~ 
188,208.  say,  183.200  cu.  ft.  per  min.    Ans. 

987.  To  realize  the  benefits  which  may  be  obtained  by 
splitting,  consider  Fig.  142,  which  is  a  simple,  practicable 
case.  D  is  the  downcast  and  t/^the  upcast  shaft.  Imagine 
the  airways  A  I  and  K/  to  be  removed.  Then  the  air  will 
flow  down  the  shaft /?  and  along  the  airway /?  .fit" //£F(7  t' 


and  up  the  upcast  shaft.  Suppose  that  the  distance /?  7./ 
were  3,000  feet  and  the  distance  A  I,  1,50(1  feet.  The  total 
distance  traveled  by  the  air  from  the  foot  of  the  downcast 
to  the  foot  of  the  upcast  would  then  be  about  9,000  feet. 
Before  the  air  reached  F  it  would  be  foul  and  heavy  with 
mine  gases,  carbonic  acid  gas,  and  other  impurities,  and  it 
would  be  nearly  impossible  to  work  there.  By  splitting  the 
air,  this  condition  of  things  is  remedied  to  a  great  extent. 
Thus,  by  splitting  at  A,  fresh  air  from  D  passes  along  A  I 
and  is  again  split  at  /;  a  part  going  to  F  and  another  part 


I 
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towards  E.  At  J^  there  is  another  split,  a  certain  propor- 
tion going  to  K  and  the  remainder  to  E^  and  from  E  to  H, 
DB  is  called  the  main  alriiv'ay  and  ^''^'the  main  return. 
After  splitting  at  A^  that  portion  of  the  air  which  does  not 
pass  along  L I  continues  along  the  main  airway  to  the  point 
C,  where  it  passes  into  the  main  return  and  flows  directly 
to  the  upcast  at  U.  In  order  to  accomplish  the  result 
described,  a  bridge  is  necessary  at  L  to  keep  the  fresh  air 
from  mingling  with  the  return  air ;  stoppings  must  be  intro- 
duced at  5,  5,  5,  and  a  regulator  must  be  placed  at  R,  A 
regulator  is  an  arrangement  by  which  the  sectional  area 
of  an  airway  can  be  reduced;  it  is  virtually  an  increase  of 
resistance  to  the  movement  of  the  flowing  air.  Only  the 
reasons  for  using  it  will  be  mentioned  here,  as  it  will  be 
described  fully  later. 

Air  or  any  other  fluid  will  also  travel  along  the  path  of 
least  resistance,  and  always  tends  towards  equilibrium. 
Now,  suppose  that  it  requires  a  greater  power  to  force  a 
certain  quantity  of  air  along  the  combined  paths  A  I FG  U^ 
IJ  K  L,  2lhA  J  E  H  K,  than  along  the  path  A  B  C  U\ 
then  more  air  will  go  towards  B  than  towards  /.  But  it  is 
the  exact  opposite  of  this  that  is  required ;  in  other  words, 
it  is  necessary  that  more  air  should  flow  towards  /  than 
towards  B,  By  interposing  a  sufficiently  great  resistance 
at  Ry  the  greater  volume  of  air  will  be  forced  to  flow 
towards  /. 

This,  then,  is  the  principal  object  of  splitting — to  supply 

the  Ivor  kings  zuith  fresh  air.  Splitting  must  not,  however, 
be  carried  to  too  great  an  extent,  since  every  split  reduces 
the  velocity  very  rapidly,  and  the  current  will  soon  become 
too  feeble  to  sweep  out  the  noxious  gases. 

988.  The  first  split,  or,  in  fact,  any  split  in  the  main  air- 
way, is  variously  called  a  main  split,  a  primary  split,  or 
a  split  of  tlie  first  degree,  as  at  ^.  The  second  split, 
as  at  /,  is  called  a  secondary  split,  or  a  split  of  the 
second  decree.  The  split  at./  is  called  a  tertiary  split, 
or  a  split  of  ttie  tHIrd  degree.     It  should  be  noted  that 


I 
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the  degree  of  the  split  does  not  refer  to  the  number  of  splits, 
though  it  happens  so  in  the  above  case.  The  air  coming 
along  the  main  airway  is  divided  at  A,  a  part  going  to  /; 
this  part  is  again  divided,  a  part  going  toy,  and  this  last 
part  is  once  more  divided.  Where  two  returns  unite,  as  at 
G,  A",  and  H,  they  are  called  Junctions. 

989.  Unequal  Spllttins.— It  was  stated,  when  de- 
scribing the  necessity  and  action  of  a  regulator,  that  the  air 
always  tended  towards  equilibrium.  By  this  was  meant 
that  when  the  air  had  adjusted  itself  to  the  conditions 
governing  its  flow,  a  certain  proportion  would  go  one  way 
and  another  proportion  the  other  way,  and  no  matter  what 
the  quantity  passing  might  be,  these  proportions  would 
always  be  preserved,  pro- 
vided there  were  no  alter-  p 

ations  in  the  lengths  or  4 
sectional  areas  of  the  air-  ^ 
ways.  To  take  a  very  sim- 1 
pie  illustration,  suppose  p 
that  in  Fig.  143,  D  is  the  i 
downcast  and  f/the  upcast,  ^°-  '*■ 

Then,  it  is  evident,  from  what  has  been  previously  stated, 
that  more  air  will  flow  through  Z>  C  /^/than  through  />  B  U, 
since  D  C  U  \s  shorter,  has  less  rubbing  surface,  and,  con- 
sequently, offers  less  resistance  than  D  B  U,  the  same  sec- 
tional area  and  perimeter  being  assumed  for  both  airways. 
In  this  case  the  air  is  split  at  D,  and  whenever  there  is  a 
split  in  which  one  airway  receives  a  greater  quantity  than 
the  other,  it  is  called  an  unequal  split. 

990.  In  every  case  of  splitting,  whether  equal  or  un- 
equal, the  pressure  per  square  foot  is  the  same  in  both  splits. 

In  order  to  explain  this  apparently  inconsistent  statement, 
one  of  the  most  important  pertaining  to  the  science  of  mine 
ventilation,  it  is  necessary  to  digress  for  a  time  from  the 
main  subject. 

In   Fig.  144,  let  A  B  D  C  represent  a  vessel   filled  with  a 
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fluid,  say  water,  for  convenience,  having  two  columns,  A  B 
and  C  D,  fitted  with  pistons,  as 
shown,  and  communicating  by  the 
passageway  B  D.  Suppose  that 
the  area  of  the  smaller  piston  be  1 
square  foot  and  of  the  larger,  5 
square  feet;  then,  in  order  that 
there  shall  be  equilibrium,  that  is, 
in  order  that  the  level  of  the  water 
Fio.  lu.  in  both   vessels  shall  be  the  same, 

the  pressure  per  square  foot  on  the  piston  at  A  must  be 
equal  to  the  pressure  per  square  foot  on  the  piston  at  C. 
This  follows  from  Pa^Gal's  la^v,  which  states  that  in  the 
case  of  any  fluid  (gas  or  X\<\\x\^,  pressure  is  transmitted  un- 
diminished in  all  directions,  whctlur  downwards,  upwards, 
or  sideways.  If  a  force  £  of  5  pounds  acts  upon  the  piston 
A,  a  force  of  5  pounds  per  square  foot  {since  the  area  of  A 
is  1  square  foot)  will  be  transmitted  uptvards  against  the 
piston  C.  Hence,  to  prevent  C  from  moving  upwards,  a 
downward  force  /^of  5  x  5  =  25  pounds  must  be  applied  to 
C.  Moreover,  it  matters  not  what  the  areas  of  the  pistons^ 
and  Care,  the  pressure  per  square  foot  must  be  the  same  on 
both  pistons  in  order  that  they  shall  not  move. 

991.  The  same  result  obtains  in  a  case  like  Fig.  145. 
Here  a  force  E  acts  upon  the  piston  A,  and  the  pressure  per 
square  foot  on  A  is  transmitted 
with  equal  intensity  to  all  parts  of 
the  surfaces  touched  by  the  water. 
This  is  exactly  analogous  to  a  split 
in  which  A  (j  represents  the  down- 
cast shaft  and  C  G  and  G  If  ih^ 
splits. 

As  stated  above,  Pascal's  law  is 
true  for  either  liquids  or  gases.  It 
has  to  be  modified  somewhat  when  Fifi.ua. 

applying  it  to  the  case  of  air  in  motion,  since  it  is  then  true 
only  when  the  motion  is  uniform.     But  to  secure  uniformity 
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of  motion,  the  resistance  must  be  uniform,  a  condition  which 
is  practically  always  the  case  in  mine  ventilation.  Since  the 
airway  up  to  the  split  requires  a  certain  pressure  to  over- 
come the  resistance  it  offers,  this  pressure  should  be  deducted 
from  the  reading  of  the  water-gauge,  and  the  remainder 
treated  as  the  pressure  in  each  split. 

902<     Resuming  now  the  subject  of  unequal  splitting, 
consider   Fig.  146.     Let  D  and    U  represent  the  downcast 
and  upcast  shafts,  respect- 
ively.    Four  unequal  splits  i 
are  here  represented.     The 
upcast  and  downcast  shafts 
are   15'  X  10'   and  GOO  feet 
deep;  the  airway  D  A  f  is 
5'  X  8'  and  3,000  feet  long; 
the  airway  D  B  f/  is  6'  X 
9'  and  1,600  feet  long;  the 
airway  Z?  C  fis  7'  x  9'  and 
3,000  feet  long,  and  the  air- 
way D  £  l/is8'  X  10'  and 
1,800    feet   long.     Suppose 
that  the  velocity  of  the  air 
in  the  shafts  is  700  feet  per 
minute   and   that   it   is  re-  | 
quired  to  find  the  pressure  etc..  i«. 

per  square  foot,  the  quantity  passed  by  each  split,  and  the 
horsepower  required  to  circulate  the  air. 

It  is  first  necessary  to  find  the  total  quantity  of  air  passing 
through  the  shaft.  This  evidently  equals,  using  formula  43, 
y  =  n  J'  =  15  X  10  X  700  =  105,000  cubic  feet  per  minute. 

The  pressure  per  square  foot  required  to  pass  this  through 
the  two  shafts  is 

/=3X  —/-^ 

•i  X  .oooooooai?  X  (2  X  15  +  ^  X  1())  X  ffl")  X  700'  _ 
is'x'io"  ~ 

4.2532  lb.  per  square  foot. 
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Before  the  pressure  per  square  foot  for  the  splits  can  be 
found,  it  is  necessary  to  calculate  the  quantities  passing 
through  each  split.  In  order  not  to  confuse  the  student, 
only  the  steps  necessary  for  the  calculation  will  here  be  given. 

Let  y„  a^  and  j„  ^„  a^  and  j„  ^„  a^  and  ^.,  q^,  a^  and  s^ 
represent  the  quantity,  sectional  area,  and  rubbing  surface 
in  the  splits  DA  U,  D  B  U,  D  C  U^  and  D  E  U,  respectively. 
Then  calculate  the  following  expressions : 

V  ^  =  y  T^^  =  1.1094,  since  a,  =  5  X  8  =  40  and  j,  = 
J,  bl.mKi  (2  X  5  +  2  X  8)  X  2,000  =  52,000. 


=  1.8706,  since  /?,  =  6  X  9  =  54  and  j,  = 


r  f    je  (i/w)         --I ••»        -  '»  -        ^ -, 

•  '  (2  X  6  +  2x9)  X  1,500  =  45,000. 

f^  =  /qtSo  =  ^•^^^®'  ^*""  «.  =  7  X  9  =  63  and  J.  = 

'  (2  X  7  +  2  X  9)  X  3,000  =  96,000 

=  2.8109,  since  «,  =  8  X  10  =  80  and  j,  = 


f^='/~^' 


s              fi4  S()()            ----,  4       --  ^^  ^^       ^^  ^-.>-  w^ 

*  '  (2  X  8  +  2  X  10)  X  1,800  =  64,800 

j«w=  7.4048 

Dividing  each  of  the  above  results  by  their  sum,  and  mul- 
tiplying by  the  total  quantity  passing  through  the  shaft, 
105,000  cubic  feet  per  minute,  the  results  thus  obtained  will 
be  the  quantities  of  air  passing  through  the  different  splits. 
Thus, 

1  1004 

^.  =  ^4^  X  105,000  =    15,731  cu.  ft.  per  minute  in  DA  L\ 
*•      7.4048 

q^  -  ^J,^-|-  X  105,000  =    26,525  cu.  ft.  per  minute  in  D  fi  U, 
7. 404o 

^.  =  ^tttI"  X  105,000  =    22,885  cu.  ft.  per  minute  in  DCU, 
i  . 4048 

2  8109 

q  =  ^~^  X  105,000  =    39,859  cu.  ft.  per  minute  in  DE  U, 
7.4048  

sum  —  105,000  cu.  ft.  per  minute. 

Now,  find  the  velocities  by  applying  formula  44. 

1 5  7^1 
v^  =      ^  '      =  393.3  ft.  per  minute  in  D/l  [/. 

^  ^_±  ^  4,, J  2  ft.  per  minute  in  DB  U. 
54 
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7',  =  5^^^  =363. 3  ft.  per  minute  in  i?C:C/. 
V,  =  ^^~-  =  498.2  ft.  per  minute  in  I)£  U. 

Since  the  pressure  is  the  same  for  each  split,  it  is  necessary 

to  find  it  for  one  only.     Hence, 

ks^  v'       .0000000217  X  52,000  X  3!)3.3"       ,  „^„„  ,, 

P,  =  — ! — -  = ~ =  4.3637  lb,   per 

'^'  a,  40 

square  foot. 

The  total  ventilating  pressure  per  square  foot  is  4.2532  + 
4.3637  =  8.0109,  say  8.02,  pounds  per  square  foot. 

By  formula  48,  the  horsepower  = 

„         /?           8.62X105,000       „„  ,,  .  , 

^  =  sih  =         33,000 =  *^-*^  horsepower,  nearly. 

Examples  similar  to  the  above  may  be  solved  in  the  same 
way,  

REGULATORS. 

093>     A  regulator  is  shown  in  Fig.   147,  and  consists 

principally,  as  will  be  noticed,  of  a  sliding  shutter  moving 


Pia.  147. 
in  grooves.     By  means  of  this  shutter,  the  width  of  the 
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opening  may  be  adjusted  so  as  to  cause  a  greater  or  less 
quantity  of  air  to  pass  through  the  airwAy. 

In  order  to  clearly*  understand  the  effect  produced  by  a 
regulator,  it  is  necessary  to  consider  once  more  what  de- 
termines  the   ventilating   pressure   per   square   foot.      By 

k  S  "V^ 

formula  38,^  =— — ,  and  since  the  value  of  neither  k  nor 

'^         a 

a  changes  for  the  same  airway  through  the  introduction  of 
a  regulator,  they  may  be  neglected  in  comparing  the  results 
obtained  by  changing  s  and  v.  Now,  if  /  represents  the 
ventilating  pressure  per  square  foot  in  the  spilts,  it  should 
be  evident,  from  what  has  been  stated  before  that  the  mere 
introduction  of  a  regulator  in  any  split  will  not  change  the 
value  of  /  in  that  split,  provided  the  quantity  of  air  passing 
through  the  other  splits  be  not  increased,  since,  if  /  were 
increased  for  one  split,  it  would  have  to  be  increased  a  like 
amount  also  for  the  other  splits,  in  order  to  restore  the  equi- 
librium according  to  Pascal's  law,  and  this  would  increase 
the  quantity  of  air  in  the  other  splits.  But  the  introduction 
of  a  regulator  in  any  split  reduces  the  quantity  of  air  passing 
through  that  split,  and,  as  a  consequence,  reduces  the  velocity. 
Hence,  if  p  is  to  remain  the  same,  s  must  be  increased,  or 
some  device  must  be  used  which  will  produce  the  same  effect 
as  increasing  J ;  this  device  is  the  regulator  itself.  The 
conclusion  is  now  evident:  tlie  regulator  is  equivalent  to 
lengthening  the  airway, 

994.  Since,  by  formula  47,  the  power  z=i  u  =  pq,  and 
p  remains  the  same  after  the  regulator  has  been  placed  in 
the  split,  while  q  is  reduced  in  consequence  of  the  reduction 
of  the  quantity  of  air  in  the  split  containing  the  regulator,  it 
is  evident  that  less  power  will  be  required  than  before  the 
regulator  was  introduced.  Hence,  if  the  power  remains  the 
same,  both  the  velocity  and  the  pressure  will  be  increased 
throughout  the  mine,  and  the  other  splits  will  pass  more  air 
than  before  and  at  a  higher  pressure.  This  last  is  a  very 
important  feature  in  the  case  of  gaseous  mines,  and  will 
now  be  explained. 
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995.  Iti  Fig.  148,  let  D  be  the  downcast  and  [/  the  up- 
cast shaft.  The  air  is  split  at  A,  as  shown.  Suppose  that 
the  shafts  are  8'  X 14'  and  500  feet  deep,  and  that  all  of  the 
airways  are  9'x  12'  and  of  the  following  lengths:  DA  — 
1,320  ieet;  A  B  C  U  = -ZMO  feet  =  i^  mile,  ^ndA£U  = 
10.500  feet  =  3  miles. 

Suppose  that  the  water-gauge  in  one  of  the  return  air- 
ways near  (/indicates,  say,  1.53  inches,  then  the  quantity 
of  air  passing  in  each  split  may  readily  be  found.  Since 
fi  =  5.%  IV,  p  =  5.Z  X  t.5^  ~  7.956  lb.  per  square  foot.  A 
certain  amount  of  this  is  absorbed  in  overcoming  the  resist- 
ance of    DA,  while  the  remainder  urges  the  air  through 


A  BC  i/sind  A  £  U.  In  order  to  find  what  proportion  of 
the  pressure  is  expended  in  DA,  and  what  proportion  in  the 
splits,  it  is  first  necessary  to  find  the  relative  velocities  in 
the  two  splits.  Representing  by  v^  and  i',  the  velocities  of 
air  in  A  B  C  U  and  A  E  U,  respectively,  and  applying 
law  (13), 

J'.  :  J',  ::  /2  :  \C5;  or,v,  =  v,x  ^  =  v,x  4/1  ='iv,. 

Now,  representing  by/,  the  pressure  in  the  splits;  by/, 
the  pressure  required  to  pass  the  air  through  the  airway 
DA,  and  byi',  the  velocity  in  D  A,  we  have,  by  applying 
formula  38,  ,      ,  ,        , 

p  — ,  and  /,  =  — '— !-  ; 

ks,  v' 
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996.  Since  both  splits  have  the  same  sectional  area, 
and  the  velocity  in  the  short  one  is  twice  that  in  the  long 
one,  it  is  evident  that  the  short  split  passes  twice  the  quan- 
tity that  the  long  one  does,  or  the  short  split  passes  two- 
thirds  and  the  long  split  one-third  of  the  total  quantity 
coming  along  the  airway  DA.  If  z/  is  the  velocity  in/? -^, 
it  is  evident  (since  the  sectional  areas  are  equal)  that  f ,  = 
\Vy  and  i\  =  iz'.  Then,  since  /  :/,  ::  s%^  :  s^  7\*,  /  :/,  :: 
•^  ^'  •  -^i  (f  ^)';  ^r,  substituting  the  values  of  s  and  j„  /  :  p^ :: 
(2X  9  +  2X  12)Xl,320XZ'*:  (2X9 +  2X12)  X  2,640xit;*; 
whence,  /  =  1^/,. 

Now,  since/  +/,  =  7.956,  1^/,  +/,  =  7.956,  or  2^/,  = 
7.956,  and/,  =  3.744  lb.  per  square  foot  =  pressure  for  the 
splits.  Also,  /  =  1^/,  =  li  X  3.744  =  4.212  lb.  per  square 
foot  =  pressure  for  DA, 

Applying  now  formula  40,  the  velocity  vaA  E  U  =^  v^^=^ 


./fi~a  ^  ./  3^44  X  9  X  12 


ks  .0000000217  X  (2  X  9  +  2  X  12  X  2  X  5,280) 

205  ft.  per  minute,  very  nearly. 

Hence,  t^^  =  2  z/,  =  2  X  205  =  410  ft.  per  minute,  and  v  = 
3z/,  =  615  ft.  per  minute.  The  quantity  passing  through 
DA  =zg  =av=:9  X  12  X  615  =  66,420  cu.  ft.  per  minute. 
The  quantity  passing  through  the  short  split  is  66,420  X  f  = 
44,280  cu.  ft.  per  minute,  and  through  the  long  split, 
66,420  X  i  =  22,140  cu.  ft.  per  minute. 

Applying  formula  44  to  find  the  velocity  in  the  shaft, 

g       66,420       ^_^  ^,  -  .      ^ 

v.  =  -^=  ,,  '      ,  =  593.04  ft.  per  mmute, 
•      ^,      8  X  14  ^  ' 

letting  z/„  a„  and  /,  be  the  velocity,  area,  and  pressure  for 
the  shaft,  respectively.  Remembering  that  there  are  two 
shafts,  the  pressure  required  to  drive  the  air  through  them  is 

A  = 


'n  '■  n 


a. 


.0000000217  X  (2  X  8  +  2  X  14  X  500  X  2)  X  593.04'  _ 

8  X  14 
2.998  lb.  per  square  foot. 
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Consequently,  the  total  pressure  per  square  foot  required 
to  move  the  air  is  7.956  +  2.998  =  10.954  lb.  per  square 
foot;  the  power  =pq  =  10.954  X  66,420  =  727,565  ft.  lb.  per 

minute,  and  the  horsepower  =        *        =  22.05  H.  P. 

o«5,000 

997.  It  will  be  noticed  that  the  velocity  of  the  air  in 
the  long  split  A  £  [/  is  very  low,  being  but  205  feet  per 
minute,  and  should  the  grade  be  an  upward  one,  or  even 
should  there  be  no  grade  at  all,  it  will  be  very  difficult,  if 
not  impossible,  to  drive  out  any  mine  gas  that  may  collect 
at  £,  To  increase  the  power  sufficiently  to  accomplish  this 
would  be  a  very  costly  method ;  but  by  putting  a  regulator 
at  i?,  the  quantity  of  air  going  through  the  short  split  may 
be  so  much  reduced  that  with  the  same  power  a  sufficient 
quantity  of  air  may  be  driven  through  the  long  split  as 
to  dislodge  the  mine  gases  at  £.  If  necessary,  all  of  the 
air  going  through  the  short  split  may  be  shut  off  and  the 
whole  ventilative  power  of  the  mine  applied  to  the  long 
split.  This  is  the  most  important  result  achieved  by  the 
regulator. 

998.  Suppose,  however,  that  it  was  desired  to  ascertain 

the  area  of  the  regulator  opening,  in  order   to   have   the 

short  split  pass  the  same  quantity  of  air  that  the  long  split 

passes.     Taking  the  velocity  in  the  long  split  as  205  feet  per 

minute,  that  in  the  short  split  will  then  be  205  feet  also, 

and  the  pressure  required  may  be  found  by  means  of  law 

(4)   as  follows:  /:/,::  t/'  :  7\\  or  3.744  :/,  ::  410'  :  205'; 

whence,  /,  =  .936  lb.  per  square  foot  =  pressure  required 

to  send  the  air  through  the  split  A  B  C  [/  ait  a.  speed  of  205 

feet  per  minute.     But  the  actual  pressure  is  3.744;  hence, 

the  regulator  must  offer  a  resistance  of  3,744  —  .936  =  2.808 

lb.  per  square  foot.     Assuming  the  regulator  to  have  been 

adjusted  properly,  a  water-gauge  placed  in  it  will  show  a 

difference  of  pressure  between  the  two  sides  of  the  regulator 

2  808 
of  2.808  lb.  per  square  foot  =  -^z-z—  =  .54  in.  of  water. 

0.2 
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The  area  of  the  opening  may  now  be  calculated  by  aid  of 
the  following  formula: 

_  .0004^ 

in  which  A  =  area  of  opening  in  square  feet; 

^    =  quantity  of  air  in  cubic  feet  per  minute  which 

it  is  desired  to  pass  through  the  opening; 
IV  =  difference  of  pressure  in  inches  of  water  on 

the  two  sides  of  the  regulator. 

Substituting  in  formula  56  the  values  previously  found, 

.       .0004X22,140       ^^^^  . 

A  = — ^-^ =  12.05  sq.  ft. 

i/.  54 

The  total  quantity  of  air  now  going  through  the  mine  is 
22,140  +  22,140  =  44,280  cu.  ft.  per  minute,  or  two-thirds  of 
the  quantity  which  went  through  before  the  regulator  was 
introduced ;  and  since  the  pressure  per  square  foot  remains 
the  same  as  before,  the  horsepower  required  is  but  two- 
thirds  of  that  previously  required.  Hence,  if  the  horse- 
power be  increased  to  its  former  value,  the  quantity  will 
also  be  increased,  but  not  to  the  same  amount  as  before, 
since  any  increase  in  the  quantity  increases  the  velocity, 
which  necessarily  increases  the  frictional  resistances — in 
other  words,  the  ventilating  pressure.  The  calculation  will 
not  be  gone  through  with  here  to  shpw  just  how  much  the 
ventilating  pressure  will  be  increased,  as  it  is  of  no  particu- 
lar value  to  the  student,  and  might  tend  to  confuse  him. 
He  should,  however,  be  able  to  see  that  the  ventilating 
pressure  and  the  velocity  are  both  increased  by  the  intro- 
duction of  a  regulator,  and  this  is  what  is  required  to  drive 
out  the  gas. 

999.  One  more  advantage  obtained  by  splitting  the 
air  will  now  be  noticed,  and  it  is  one  of  great  value. 

Fig.  149  represents  a  system  of  splits  in  which  FA  rep- 
resents the  fresh,  or  main,  airway,  and  RA  the  return  air- 
way. The  student  will  notice  that  when  two  arrow-heads 
are  joined  to  one  tail,  there  is  a  split,  and  when  two  tails 
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are  joined  to  one  head  there  is  a  junction.  Suppose  that  in 
the  left-hand  half  of  the  mine  represented  in  the  figure,  gas 
were  to  accumulate  in  one  of  the  farther  workings,  and  the 
air  had  not  sufficient  pressure  to  drive  it  out.  By  shutting 
off  the  air  in  the  other  half  of  the  mine,  the  entire  power  of 


the  ventilation  may  be  employed  to  increase  the  pressure  of 
the  air  in  the  left-hand  half  and  drive  out  the  gas.  This  is 
termed  "sweeping  out  the  mine,"  and  is  one  of  the  greatest 
advantages  obtained  by  splitting. 


THE   FIFTH    HOOT. 

lOOO.  By  aid  of  Table  25  the  fifth  root  of  any  number 
may  be  found  correctly  to  four  figures.  The  arithmetical 
method  of  extracting  the  fifth  root  is  very  long  and  labori- 
ous. Since  four  figures  are  sufficient  for  all  practical  pur- 
poses in  problems  pertaining  to  mine  ventilation,  it  was 
thought  better  to  give  the  table  than  to  give  the  rule 
generally  used.  The  method  of  using  the  table  will  be  ex- 
hibited by  examples. 

Example.— Extract  the  fifth  root  of  1,2*4.782. 

SoLtJTioN,— Only  the  first  five  figures  of  the  number  are  required 
when  using  the  table.  When  the  sixth  figure  is  5,  or  greater,  increase 
the  fifth  figure  by  1,  and  omit  the  remaining  figures.  Doing  so,  the 
question  becomes    \^l,2M.H  =  ?     Limiting  in  column  4  of  the  table  for 
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the  nearest  number  smaller  than  the  given  number,  it  is  found  to  be 
1,158.6,  opposite  the  number  4.1  in  column  1,  and  4.1  are  the  first  two 
figures  of  the  root.  To  find  two  more  figures  of  the  root,  proceed 
as  follows  :  1,264.8  -  1.158.6  =  106.2.  Divide  this  remainder  by  the 
number  in  column  3  in  the  same  row  as  the  two  numbers  previously 
found,  in  this  case  141.3,  and  obtain  two  figures  of  the  quotient.  If 
the  second  figure  is  greater  than  5,  increase  the  first  figure  by  1  and 
neglect  the  second  figure.  Should  the  second  figure  be  a  5,  obtain 
three  figures  of  the  quotient,  and  if  the  third  figure  is  5,  or  greater, 
increase  the  first  figure  by  1,  and  neglect  the  other  two.  Thus,  106.2-*- 
141.3  =  .751,  and  the  number  to  be  used  is  .7,  since  the  third  figure  is 
less  than  5.  It  is  necessary  to  obtain  three  figures  of  this  quotient 
only  when  the  second  figure  is  a  5.  Now,  multiply  this  quotient,  .7 
in  this  case,  by  the  number  in  column  2  and  in  the  same  row  as  the 
three  previous  numbers  found  in  the  table,  and  add  the  result  to 
the  number  found  in  column  3.  Thus,  6.89  X  .7  =  4.828,  and  141.3  + 
4.823  =  146.123.  Finally,  divide  the  difference  found  above  (106.2)  by 
146.123  ;  the  result  will  be  the  next  two  figures  of  the  root.  Thus, 
106. 2  H- 146. 123  =  .727,  or  .73.  Hence,  the  entire  root  to  four  figures 
is  4.173.     Ans. 

Example. — Find  the  fifth  root  of  45,261. 

Solution. — Only  the  numerical  work  is  given  ;  the  student  should 
read  the  explanation  given  above  in  connection  with  the  work.  45,261 
-  44,371  =  890.  890  -*-  2,610  =  .34,  or  .3.  61.4  X  .3  =  18.42.  2,610  + 
18.42  =  2.628.42.  890  +  2,628.42  =  .338,  say  ,34.  Hence,  f'45;26r= 
8.534.     Ans. 

If  the  number  is  wholly  decimal,  take  the  first  five  figures  to  the 
right  of  the  decimal  point  (annexing  ciphers  if  necessary  to  make  five 
figures)  and  treat  the  number  as  if  it  were  a  whole  number  with  five 
figures. 

Example. —     f^.664  =  ? 

Solution. — Annexing  two  ciphers  to  make  the  necessary  five  figures, 
(^7664  =  -^.66400.  Whence,  66,400  -  65,908  =  492.  492  h-  3,582  =  .13. 
77.9  X  .1  =  7.79.  8.582  -h  7.79  =  3,589.79.  492  -!-  3,589.79  =  .137,  or  .14. 
Hence,  fC664  =  .9214.     Ans. 


Example.—     f  42,075,880  =  ? 

Solution. — Begin  at  units  place  and  point  off  the  number  into 
periods  of  five  figures  each.  Thus,  42675830.  Retain  the  first  five 
figures,  beginning  with  the  left,  the  result  is  42676.  Regarding 
the  division  mark  for  the  present  as  a  decimal  point,  proceed  as  in  the 
preceding  examples.  426.76  -  391.35  =  35.41.  35.41  ^-  59.3  =  .59,  or  .6. 
3.59  X  .6  =  2.154.  59.3  +  2. 154  =  61.454.  35.41  -*-  61.454  =  .576,  or  .58. 
Hence,  the  figures  of  the  root  are  3338.     The  position  of  the  decimal 
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point  may  be  determined  from  the  statement  that  there  must  be  as 
many  figures  in  the  integral  part  of  the  root  as  there  are  periods  in 
the  integral  part  of  the  number  whose  root  is  to  be  found.  Since 
there  are  two  such  periods  in  the  above  number,  f^42, 675,830  =  33.58. 

Ans. 
Had  the  number  been  4,267,583,000,000,   the  number  of   periods 
would  have  been  three,  and  the  fifth  root, 

-}/426'75«30'00000  =  835.8. 
It  will  be  a  good  exercise  for  the  student  to  prove  the  following: 

-^426,758.3  =  13.37;   f4. 267,583  =  21.19; 

(^426,758,800  =  53.22,  and  f^4, 267, 583, 000  =  84.34. 

lOOl.  If  it  is  absolutely  necessary  for  the  student  to 
extract  the  fifth  root  without  the  aid  of  a  table,  he  may  do 
so  in  the  following  manner : 

f  4, 267, 583=  ? 

1.  Point  off  the  number  into  periods,  as  above  directed, 
.obtaining  in  this  case  42'67583. 

2.  Find  a  number  expressed  by  one  figure  whose  fifth 
power  is  next  less  than  the  number  expressed  by  the  first 
period.  It  will  aid  the  student,  in  finding  the  first  figure  of 
the  root,  if  he  will  remember  that  if  the  first  period  contains 
but  one  figure,  the  first  figure  of  the  root  must  be  1 ;  if  but 
two  figures,  the  first  figure  of  the  root  can  not  be  greater 
than  2 ;  if  but  three  figures,  the  first  figure  of  the  root  is 
either  2  or  3 ;  if  but  four  figures,  the  first  figure  of  the  root 
can  not  be  greater  than  6,  and  if  the  first  period  contains 
five  figures,  the  first  figure  of  the  root  may  be  6,  7,  8,  or  9. 
Try  2  for  the  first  figure  of  the  root  of  the  above  number 
and  raise  it  to  the  fifth  power ;  the  result  is  2'  =  32.  Since 
32  is  less  than  42,  the  first  figure  of  the  root  is  2. 

3.  To  find  the  second  figure,  subtract  the  fifth  power  of 
the  first  figure  from  the  first  period  and  annex  the  second 
period  to  the  remainder,  or,  if  there  is  no  second  period, 
bring  down  five  ciphers.  Performing  the  operation  on  the 
above  number,  42  —  32  =  10;  annexing  the  second  period, 
the  result  is  1,067,583. 

4.  Raise  the  first  figure  of  the  root  to  the  fourth  power, 
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multiply  the  result  by  5,  and  annex  four  ciphers.  Annex 
four  ciphers  to  the  cube  of  the  first  figure,  and  add  the  result 
to  the  last  result.  Thus,  2*  X  5=  80;  annexing  four  ci- 
phers =  800,000.  2*  with  four  ciphers  annexed  =  80,000, 
and  800,000  +  80,000  =  880,000. 

5.  Divide  the  result  obtained  in  3  by  the  result  obtained 
in  4,  and  the  quotient  will  very  probably  be  the  second 
figure  of  the  root.  Thus,  1,067,583 -f- 880,000  =  1 +,  and 
the  first  two  figures  of  the  root  are  21. 

6.  Raise  the  first  two  figures  of  the  root  to  the  fifth  power 
and  subtract  the  result  from  the  given  number  whose  root 
is  to  be  found,  annexing  five  ciphers  to  the  given  number  if 
it  contains  but  one  period.  Thus,  21  X  21  =  441 ;  441  X  21  = 
9,261,  the  cube;  9,261  X  21  =  194,481,  the  fourth  power,  and 
194,481  X  21  =  4,084,101.  Hence,  4,267,583  -  4,084,101  = 
183,482. 

7.  Multiply  the  fourth  power  of  the  first  two  figures  (ob- 
tained in  6)  by  5,  and  divide  the  remainder  obtained  in  6 
by  the  result,  and  obtain  two  figures  of  the  quotient.  If  the 
second  figure  of  the  quotient  is  greater  than  5,  increase  the 
first  figure  by  1  and  neglect  the  second  figure;  otherwise, 
use  only  the  first  figure.  Should  the  second  figure  be  5,  ob- 
tain three  figures  of  the  quotient,  and  if  the  third  figure  is 
5,  or  greater,  increase  the  first  figure  by  1.  Thus,  21*  = 
194,481  (see  6),  and  194,481  X  5  =  972,405;  then,  183,482  s- 
972,405  =  .18  + or  .2. 

8.  Multiply  the  cube  of  the  first  two  figures  of  the  root 
(obtained  in  6),  with  a  cipher  annexed,  by  the  number  found 
in  7,  and  add  the  result  to  5  times  the  fourth  power  (ob- 
tained in  7).  Thus,  21*  =  9,261  =  92,610,  with  a  cipher 
annexed.     92,610  X  .2  =  18,522.    972,405  +  18,522  =  990,927. 

9.  Divide  the  remainder  obtained  in  6  by  the  result  ob- 
tained in  8  and  carry  the  quotient  to  three  decimal  places. 
If  the  third  figure  of  the  decimal  is  5  or  greater,  increase 
the  second  figure  by  1.  These  two  figures  of  the  quotient 
are  the  third  and  fourth  figures  of  the  root.  Thus,  183,482  -=- 
990,927  =  .185,    say   .19.      Hence    the    figures  of    the  root 
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are  2119,   and  since  there  are  two  periods,  |/4,267,583  = 
21.19.     Ans. 

Note. — The  method  outlined  above  is  exactly  what  is  accomplished 
by  means  of  Table  25,  but  the  work  is  very  much  more  laborious.  It 
is,  however,  the  simplest  known  method  of  finding  the  fifth  root  of 
numbers. 

Example. —    i^9=  ? 

Solution — 2.  Since  there  is  but  one  figure,  the  first  figure  of  the 
root  is  1. 

3.  9  —  1*  =  8,  since  1*  =  1.     Annexing  five  ciphers  gives  800,000. 

4.  1*  X  5  with  four  ciphers  annexed  =  50,000  ;  1*  with  four  ciphers 
annexed  =  10.000  ;  the  sum  =  50.000  -+- 10,000  =  60,000. 

5.  800,000  -s-  60.000  =  13  +.  This  result  is  much  too  high,  since  the 
quotient  thus  obtained  (which  is  the  probable  second  figure  of  the  root) 
should  not  exceed  9.  Now,  remembering  that  the  fifth  power  of  2  is 
32,  it  is  evident  that  {^9  must  be  considerably  less  than  1.9,  which 
nearly  equals  2.  Trying  1.6,  the  fifth  power  is  1.6*  =  10.48576,  which  is 
also  too  high,  but  quite  close  ;  hence,  1.5  is  probably  the  correct 
number  to  use,  and  the  first  two  figures  of  the  root  are  15. 

6.  15  X  15  =  225 ;  225  X  15  =  3,375 ;  3,875  X  15  =  50,625.  and  60,625  X 
15  =  759,375.     900.000  -  759.875  =  140,625. 

7.  15*  X  5  =  50,625  X  5  =  253,125  ;  140,625  -h  253,125  =  .555,  or  .6. 

8.  15*  with  a  cipher  annexed  =  33,750  ;  33,750  X  .6  =  20,250,  and 
253,125  +  20,250  =  273,375. 

9.  140,625  -*-  273.375  =  .514.  say  .51.     Hence,  f^=  1.551.     Ans. 
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TABLE  25. 


1 

2 

3 

1 
4 

1 

2 

3 

4 

I.O 

.100 

.5000 

1. 0000 

5.6 

17.6 

491.7 

5.507.3 

I.I 

•133 

.7321 

1. 6105 

5-7 

18.5 

527-8 

6,016.9 

1.2 

.173 

1.037 

2.4883 

5.8 

19- 5 

565.8 

6,563.6 

1-3 

.220 

1.428 

3.7129 

5.9 

20.5 

605.9 

7.149.2 

1.4 

.274 

1. 921 

5-3782 

6.0 

21.6 

648.0 

7,776.0 

1-5 

.338 

2.531 

7-  5938 

6.1 

22.7 

692.3 

8,446.0 

1.6 

.410 

3-277 

10.486 

6.2 

23.8 

738.8 

9,161.3 

1-7 

.491 

4.176 

14.199 

6.3 

25.0 

787.6 

9,924.4 

1.8 

•583 

5-249 

18.896 

6.4 

26.2 

838.9 

10,737 

1.9 

.686 

6.516 

24.761 

6.5 

27.5 

892.5 

11,603 

2.0 

.800 

8.000 

32.000 

6.6 

28.7 

948.7 

12,523 

2.1 

.926 

9.724 

40.841 

6.7 

30.1 

1,007 

i3»5oi 

2.2 

1.06 

II. 71 

51-536 

6.8 

31.4 

1,069 

14.539 

2.3 

1.22 

13.99 

64.363 

6.9 

32.9 

I.I33 

15.640 

2.4 

1.38 

16.59 

79.626 

7.0 

34-3 

1,201 

16, 8c  7 

2-5 

1.56 

1953 

97.656 

7-1 

35-8 

1,271 

18,042 

2.6 

1.76 

22.85 

118.81 

7-2 

37.3 

1.344 

19.349 

2.7 

1.97 

26.57 

143.49 

7-3 

38.9 

1,420 

20,731 

2.8 

2.20 

30.73 

172.10 

7-4 

40.5 

1.499 

22,190 

2.9 

2.44 

3  5- 36 

205.11 

7.5 

42.2 

1,582 

23.730 

30 

2.70 

40.50 

243.00 

1     7.6 

43.9 

1,668 

25.355 

31 

2.98 

46.18 

286.29 

7.7 

45-7 

1.758 

27,068 

3-2 

3.28 

52.43 

335-54 

'     7-8 

47.5 

1. 851 

28,872 

3.3 

3-59 

5930 

391-35 

7-9 

49-3 

1.948 

30,771 

3-4 

3-93 

66.82 

454-35 

,     8.0 

51.2 

2,048 

32,768 

3.5 

4.29 

75-03 

525.22 

'     8.1 

53.1 

2.152 

34,868 

3.6 

4.67 

83.98 

604.66 

•     8.2 

55-1 

2,261 

37,074 

3-7 

5.07 

93-71 

693.44 

8.3 

57.2 

2.373 

39.390 

3.8 

5-49 

104.3 

792-35 

8.4 

59-3 

2,489 

41,821 

3.9 

5-93 

"5-7 

902.24 

'     8.5 

61.4 

2,610 

44.371 

4.0 

6.40 

128.0 

1,024.0 

8.6 

63.6 

2,735 

47.043 

4.1 

6.89 

141-3 

1,^^8.6 

8.7 

65-9 

2,864 

49,842 

4.2 

7.41 

155.6 

1,306.9 

8.8 

68.1 

2,998 

52,773 

4.3 

7-95 

170.9 

1,470.1 

8.9 

70.5 

3.IS7 

55,841 

4.4 

8.52 

187.4 

1,649.2 

-     9.0 

72.9 

3.281 

59,049 

4.5 

9.  II 

205.0 

1,845-3 

9.1 

75-4 

3.429 

62,403 

4.6 

9-73 

223.9 

2,059.6 

9.2 

77-9 

3.582 

65,908 

4-7 

10.4 

244.0 

2.293.5 

9-3 

80.4 

3.740 

69,569 

4.8 

II. I 

265.4 

2,548.0 

9.4 

83.1 

3.904 

73.390 

4-9 

II. 8 

288.2 

2.824.8 

9-5 

85.7 

4.073 

77.378 

5.0 

12.5 

312.5 

3.125.0        j 

■     9.6 

88.5 

4.247 

81,537 

51 

133 

338.3 

3.450.3        i 

9-7 

91-3 

4.426 

85.873 

5-2 

14. 1 

365.6 

3.802.1 

9.8 

94-1 

4.612 

90,392 

5.3 

14.9 

394-5 

4,182.0 

9-9 

97-0 

4.803 

95.099 

5.4 

15-7 

425.2 

4.591.7 

lO.O 

lOO.O 

5,000 

100,000 

5-5 

16.6 

457-5 

5,032.8 

1 

MINE   VENTILATION 

(PART    2.) 


THE  PRODUCTION  OF  VENTILATING 

CURRENTS. 


VARIOUS  SYSTEMS  OF  INDUCING  CURRENTS. 

1002.  Ventllatlns  Currents The  motion  of  air- 
currents  in  mines  is  caused  by  a  difference  in  pressure 
between  the  two  ends  of  the  current,  or,  in  other  words,  a 
difference  in  pressure  between  the  downcast  and  upcast. 
The  direction  of  the  flow  is  always  from  the  higher  towards 
the  lower  pressure. 

In  the  case  of  ventilation  produced  by  exhaust-fans  or 
furnaces,  the  higher  pressure  is  the  normal  pressure  of  the 
atmosphere,  and  the  lower  pressure  is  that  produced  in  the 
fan-drift,  or  at  the  bottom  of  the  furnace-shaft.  In  the  case 
of  a  blowing-fan,  the  higher  pressure  consists  of  the  atmos- 
pheric pressure  plus  the  pressure  exerted  by  the  fan,  and  the 
lower  pressure  is  the  atmospheric  pressure  at  the  top  of  the 
upcast.  A  waterfall  in  the  downcast  shaft  produces  motion 
in  a  current  on  the  same  principle  as  a  blowing-fan,  and  a 
steam-jet  in  the  upcast  acts  on  the  same  principle  as  the 
exhaust-fan.  However,  it  must  be  borne  in  mind  that 
neither  of  the  two  latter  methods  is  as  efficient  as  a  fan. 
These  facts  show  clearly  that  the  object  of  all  artificial  ven- 
tilating appliances  must  be  to  provide  the  required  differ- 
ence of  pressure.  Current  motion  may,  therefore,  be  caused 
by  either  of  two  methods:  (a)  methods  of  compression, 
by  means  of  which  the  air  in  the  downcast  is  raised  to  a 
pressure  greater  than  the  atmosphere,  or  {I?)  methods   of 
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exhaustion,  by  means  of  which  the  pressure  of  the  air  in  the 
upcast  is  made  less  than  the  pressure  of  the  atmosphere. 

1003.  The  Laws  of  Current  Motion. — As  a  cur- 
rent of  air  for  mine  ventilation  begins  and  ends  in  the  at- 
mosphere, it  is  necessary  that  a  ventilator  be  applied  to 
produce  a  terminal  depression  for  the  current  to  fall  into, 
and  a  subsequent  compression  to  finally  force  it  out  into  the 


atmosphere.  In  Fig,  150  a  pump  is  used  to  illustrate  what 
has  been  expressed  in  words.     The  water  in  the  cistern  A  is 

subject  to  the  pressure  of  the  atmosphere,  and  falls  into  a 
depression  at  B,  through  the  pipe  J/.  The  depression  at  B 
is  created  by  the  pump  in  the  same  manner  as  a  fan  creates 
a  depression.  The  excess  of  pressure  in  the  atmosphere 
over  that  exerted  at  Ji  is  the  measure  of  depression.  It  is 
this  depression  thLit  causes  the  water 'to  flow  from  A  to  B, 
and  a  similar  depression  that  causes  the  air  in  a  mine  to  Sow 
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from  the  top  of  the  downcast  into  the  upcast.  In  the  illus- 
tration, the  pump  P  produces  the  depression.  The  lifting 
of  the  piston  reduces  the  pressure  of  the  atmosphere  on  the 
water  in  B^  and  the  falling  water  pressed  by  the  atmosphere 
at  A  rushes  in  to  fill  up  the  void.  Without  this  depression, 
the  water  would  naturally  rise  in  the  pump  to  the  level  of 
A^  but  would  remain  at  rest  and  not  flow  out.  Therefore, 
further  energy  is  required  to  cause  it  to  rise  high  enough  to 
flow  out  of  the  nozzle.  In  the  same  way  a  fan  must  not 
only  cause  a  depression,  so  as  to  cause  the  air  to  flow  into  the 
fan-drift,  but  it  must  also  exert  energy  to  force  the  air  out 
into  the  atmosphere.  In  the  case  of  the  pump,  to  raise  the 
water  to  Z,  and  enable  it  to  flow  out  of  the  nozzle,  energy 
equal  to  a  fall  from  L  to  the  nozzle  is  required.  This  fall 
overcomes  the  friction  and  the  delivery  pressure,  and  is 
similar  to  the  compression  required^  in  an  exhaust-fan  for  it 
to  throw  the  mine  current  out  of  its  chimney.  The  illus- 
tration  shows  clearly  that  D  is  the  measure  of  the  depression 
below  the  pressure  of  the  atmosphere,  and  that  C  is  the 
measure  of  the  compression  above  the  atmosphere ;  further, 
it  explains  the  principles  of  the  double  fall,  or  the  fall  from 
the  atmospheric  pressure  at  A  to  the  depression  at  B^  and 
the  fall  from  the  pressure  above  the  atmosphere  at  L  to  the 
atmospheric  pressure  at  A, 

1 004.  Hoiv  Ventilating  Currents  Are  Produced. — 

The  means  by  which  ventilating  currents  are  produced  are 
all  included  under  the  following  heads: 

{a)   Ventilation  by  natural  heat. 

(V)    Ventilation  by  artificial  heat. 

(r)    Ventilation  by  waterfalling. 

(</)  Ventilation  by  mechanical  agencies. 

(c)    Ventilation  by  a  steam-jet. 

(/*)  Ventilation  by  a  water-jet. 

1005.  "Natural  ventilation  is  produced  in  a  mine  when 
the  top  of  the  upcast  and  the  top  of  the  downcast  are  at 
different  elevations,  or,  in  other  words,  when  one  is  some 
distance  up  a  hill  and  the  other  at  or  near  the  base.     A 
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natural  ventilating  current  is  only  set  in  motion  when  the 
temperature  of  the  outer  air  and  that  of  the  walls  of  the  mine 
passages  is  different.  This  method  of  ventilation  differs 
from  all  others  in  one  important  respect,  namely,  the  direc- 
tion of  the  current  is  reversed  in  summer  from  what  it  is  in 
winter.  In  summer,  when  the  external  air  is  hotter  than 
the  walls  of  the  mine  passages,  the  warm  air  descends  the 
deeper  shaft,  and  in  so  doing  is  cooled  by  the  absorption  of 
heat  by  the  walls  of  the  shaft.  This  cooled  column  thus 
becomes  a  heavier  one  than  the  one  parallel  to  it,  shown  in 
{a),  Fig.  151.  In  this  figure,  ai  is  the  shaft  and  m  is  the 
mine.  The  cooled  air  column  in  a  b,  being  heavier  than 
the  external  column  dc,  causes  the  air  to  flow  from  b  to  d. 
The  direction  of  flow  in  winter  is  illustrated  in  (b).  Fig.  151. 


As  the  wails  of  the  mine  passages  are  warmer  than  the 
external  air,  the  column  of  air  in  the  shaft  a  ^  is  warmer 
than  the  parallel  column  of  the  external  air  cd.  Therefore, 
the  external  column  being  heavier  forces  the  warmer, 
lighter  column  up  the  shaft,  and  causes  the  current  to  flow 
from  d  to  b. 

In  the  event  of  the  external  air  having  the  same  tempera- 
ture as  the  waits  of  the  mine  passages,  there  is  no  flow  of 
air-current,  because  one  column  balances  the  other. 

1006.  Ventilation  by  artificial  heat  is  produced  by  a 
furnace  fire  situated  at  the  bottom  of  the  upcast  shaft. 
This  fire  heats  the  column  of  air  in  the  upcast  shaft  and 
makes  it  less  densi;  and  lighter  than  the  column  of  cold  air 
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in  the  downcast.     The  weight  of  a  cubic  foot  of  air  in  eith^i 
shaft  is  calculated  by  formula  57, 

^  (459  +  0    ' 

B  =  the  barometic  pressure  in  inches  of  mercury ; 
/  =  Fahrenheit  temperature  of  air  in  the  shaft ; 
IV=  weight  of  a  cubic  foot  of  air. 

Example. — The  downcast  shaft  of  a  mine  is  600  feet  deep,  the  mean 
barometric  pressure  in  the  shaft  is  30  inches,  and  the  mean  tempera- 
ture of  the  air  in  the  shaft  is  62"  F.  What  is  the  average  weight  of  a 
cubic  foot  of  air  in  this  shaft  ? 

Solution. — Applying  formula  57, 

^=  (459  +  62)  =  "^«^^''^-     ^"^         ■ 

Example. — The  upcast  shaft  of  the  same  mine  is  600  feet  deep;  the 
mean  barometric  pressure  is  the  same  (30  inches),  and  the  mean  tem- 
perature of  the  air  in  the  shaft  is  lOe**  F.  What  is  the  average  weight 
of  a  cubic  foot  of  air  in  this  shaft  ? 

Solution. — Applying  formula  57, 

H/=^l^^^^  =  .0607  1b.     Ans. 
(4o9  +  196) 

The  two  foregoing  examples  show  that  the  air  in  the 
upcast  shaft  is  lighter  than  that  in  the  downcast. 

Now,  if  the  height  of  each  column  is  taken  at  600  feet, 
the  ventilating  pressure  per  square  foot  can  be  found  by 
multiplying  the  weight  of  air  per  cubic  foot  by  the  height 
of  the  column  in  feet.     Thus, 

Downcast  =-  .07631  X  600  =  45.786  lb. 
Upcast       =  .0607    X  600  =  36.420  lb. 

Difference,  or  ventilating  pressure  per  sq.ft.  =    9.366  lb. 


BXAMPI.KS  FOR   PRACTICED. 

1.  The  downcast  shaft  of  a  mine  is  437  feet  deep,  the  mean 
barometric  pressure  is  30.25  inches,  and  the  mean  temperature  of  the 
air  in  the  shaft  is  67"  F.  What  is  the  weight  of  a  column  of  air  in  this 
shaft,  having  a  base  of  1  square  foot  ?  Ans.  33.3081  lb. 

2.  The  downcast  shaft  of  a  mine  is  1,147  feet  deep,  the  mean  baro- 
metric pressure  is  29.9  inches,  and  the  mean  temperature  of  the  air  in 
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the  shaft  is  50"  P.     What  is  the  weight  of  a  column  of  air  in  this  shaft, 
having  a  base  of  1  square  foot  ?  Ans.  89.29395  lb. 

3.  The  upcast  shaft  of  a  mine  is  347  feet  deep,  the  mean  barometric 
pressure  is  30  inches,  and  the  niean  temperature  of  the  air  in  the  shaft 
is  187"  F.  What  is  the  weight  of  a  column  of  air  in  this  shaft,  having 
a  base  of  1  square  foot  ?  Ans.  21.35785  lb. 

4.  The  upcast  shaft  of  a  mine  is  1, 170  feet  deep,  the  mean  barometric 
pressure  is  29.5  inches,  and  the  mean  temperature  of  the  air  in  the  shaft 
is  160°  F.  What  is  the  weight  of  a  column  of  air  in  this  shaft,  having 
a  base  of  1  square  foot  ?  Ans.  73.8972  lb. 


EFFECT   OF  TEMPERATURE    ON    VOLUME. 

1007.  The  volume  of  a  given  quantity  of  air  varies 
directly  as  its  absolute  temperature,  the  barometric  pres- 
sure and  'weight  remaining  the  same.  This  principle  is 
expressed  in  formula  58, 

r=^X(459  +  /),  (58.) 

in  which  T  =  absolute  temperature  of  greater  volume; 

V=  greater  volume; 

tf  =  lesser  volume ; 
and  /  =  given  temperature  of  lesser  volume  m  Fahr- 

enheit degrees. 

Example. — If  the  volume  of  a  given  quantity  of  air  is  35,672  cubic 
feet  when  its  temperature  is  57^"  F.,  what  must  its  temperature  be  to 
increase  the  volume  to  51,756  cubic  feet,  supposing  the  atmospheric 
pressure  and  weight  to  remain  the  same  ? 

Solution.— Applying  formula  58,  L' 'L  X  (459  +  57)  =  748.65%  or 

the  absolute  temperature  necessary  for  increasing  the  volume.  Now, 
having  the  absolute  temperature,  it  is  necessary  to  reduce  it  to  Fahren- 
heit temperature.  This  can  be  readily  done  by  subtracting  459  from 
the  absolute  temperature.     Then,  748.65"  -  459'  =  299.65°  F.    Ans. 


EXAMPLES  FOR   PRACTICB. 


1.  If  the  volume  of  a  given  quantity  of  air  when  its  temperature  is 
60"  F.  is  46,732  cubic  feet,  what  must  its  temperature  be  to  increase  the 
volume  to  65,000  cubic  feet,  supposing  the  atmospheric  pressure  and 
weight  to  remain  the  same  ?  Ans.  262.88"  F. 
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a  If  the  volume  of  a  given  quantity  of  air  when  its  temperature  is 
160°  F.  is  85,000  cubic  feet,  what  must  its  temperature  be  wlieo  the 
volume  is  50,000  cubic  feet,  supposing  the  atmospheric  pressure  and 
weight  to  remain  the  same  ?  Ans.  17,1°  K. 


THE    MOTIVE    COLUMN. 
1008.     The  ventilating  pressure  can  be  found  directly 
through  the  medium  of  the  motive  column.     This  motive 
column  is  the  short  column  of  air  whose  weight  provides 
the    ventilating    pressure.     If     the 
length  of  this  motive  column  is  sub- 
tracted from  the  length  of  the  down- 
cast   column,  the  weight  of   the  re- 
maining  portion   of    the    downcast 
column  is  equal  to  the  weight  of  the 
upcast   column.     This   is  explained 
by  Fig.  153,  in  which   U  is  the  up- 
cast column  and  D  is  the  downcast 
column;  the  furnace  is  shown  at  F, 
and  il/C  is  the  motive  volume.  This 
motive  column,  then,  is  a  column  of 
air    in    the    downcast    shaft   whose 
weight    is    equal    to   the  excess   of 
weight  of  the  cold  column  over  that 
of    the   hot    one.     The    most    con- 
venient way  to  find  the  length  of  the  ^^'  ^^ 
motive  column  is  by  what  is  called  Nicholas  Wood's  for- 
mula, which  is  based  on  the  law  that  the  weights  of  the 
columns  are  inversely  as  their  absolute  temperatures.     This 
law  can  be  expressed  by  formula  59, 

in  which  t  =  higher  temperature,  or  that  of  the  upcast; 

t^  =  lower  temperature,  or  that  of  the  downcast; 

D  =  depth  of  the  shaft  in  feet ; 
and  M=  motive  column. 

Now  suppose  a  case  in  which  the  mean  temperature  of 
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the  downcast  shaft  is  58°  F.,  and  the  mean  temperature  of 
the  furnace  shaft  is  186°  F.,  and  the  depth  of  the  shafts  is 
800  feet.     By  formula  59,  the  length  of  the  motive  column 

in  this  case  will  be  equal  to  .\,./  ,   ^^J-  x  800  =  158.75  feet. 

\-±0v  -\-  loo) 

If,  then,  the  average  weight  of  a  cubic  foot  of  air  in  the 
downcast  shaft  is  calculated  by  formula  57,  and  is  found  to 
be  .077  pound,  the  ventilating  pressure  can  be  found  by  the 
following  formula: 

in  which  p  =  ventilating  pressure  in  pounds  per  square  foot ; 

/  =  higher  temperature ; 

t^  =  lower  temperature ; 
and  D  =  depth  of  shaft. 

Thus,  ;\^  ~/o7r:  X  .077  X  800  =  12.224  pounds  per  square 

foot,  the  ventilating  pressure  required. 

Example. — The  ventilating  shafts  of  a  mine  are  each  800  feet  deep, 
the  temperature  of  the  downcast  column  is  58^  F.,  and  that  of  the 
upcast  column  is  202"  F.  What  is  the  weight  of  a  column  of  air  in  the 
downcast  shaft  1  square  foot  in  the  base,  and  what  is  the  weight  of  a 
column  of  equal  length  in  the  upcast  shaft  ?  Show  by  formula  60 
that  the  difference  between  the  weights  of  the  two  columns  is  equal  to 
the  weight  of  the  motive  column,  the  mean  barometric  pressure  in  the 
two  shafts  being  30.5  inches. 

Solution. — The  weight  of  a  cubic  foot  of  air  in  the  downcast  shaft 
is,  by  formula  57,  equal  to  '*  — p-r-^  =  .078185  pound,  and,  by  for- 
mula 57,  the  weight  of  a  cubic  foot  in  the  upcast  shaft  is  found  to  be 

1.8253x80.5 


409  -h  202 


=  .061152  lb.     Ans. 


Having  found  the  weight  of  a  cubic  foot  of  air  in  each  shaft,  the 
weight  of  a  column  with  a  base  of  1  square  foot  in  each  shaft  is  found 
by  multiplying  the  weight  per  cubic  foot  of  air  in  each  shaft  by  the 
depth  of  the  shaft;  therefore,  the  weight  of  the  downcast  column 
equals  .078185x800  =  62.548  pounds,  and  the  weight  of  the  upcast 
column  equals  .061152  X  800  =  48.922  pounds.  The  difference  between 
the  respective  weights  of  the  columns  =  62.548  —  48.922  =  18.626 
pounds. 
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By  formula  60,  if  the  weight  of  the  cubic  foot  of  air  is  taken  at 

.078,  as  the  barometer  is  high,  p  =  ^^  '~^x  X  -078  X  800  =  13.594 
pounds. 

It  will  be  observed  in  this  connection  that  the  result 
secured  by  using  formula  60  is  a  little  less  than  that  found 
by  using  the  weights  of  the  columns,  but  the  difference 
arises  entirely  from  the  fact  that  the  weight  of  a  cubic  foot 
in  the  downcast  column  is  actually  .078185  pound  instead  of 
.078;  had  the  weight  of  a  cubic  foot  of  air  been  taken 
at  .078185  pound,  the  answers  would  have  agreed  more 
closely. 

BXAMPLBS    FOR    PRACTICE. 

Note. — The  weight  of  1  cubic  foot  of  air  at  a  temperature  of  62**  F., 
and  a  barometric  pressure  of  80  inches,  is  equal  to  .076  pound.  This 
is  close  enough  for  the  weight  of  a  cubic  toot  of  air  for  use  in  the 
following  examples. 

1.  The  ventilating  shafts  of  a  mine  are  each  950  feet  deep,  the  tem- 
perature of  the  downcast  column  is  60°  F. ,  and  that  of  the  upcast  is 
230°  F.  (a)  What  is  the  length  of  the  motive  column  ?  (d)  What  is 
the  difference  in  the  weights  of  the  ventilating  columns  per  square 
foot  of  area  ?  »„_  j  (a)  234.4  ft. 

(  (^)  17.8141b. 

2.  The  ventilating  shafts  of  a  mine  are  each  700  feet  deep,  the 
temperature  of  the  downcast  is  52"  F. ,  and  that  of  the  upcast  is  280°  F. 
{a)  What  is  the  length  of  the  motive  column  ?  (^)  What  is  the  differ- 
ence in  the  weights  of  the  ventilating  columns  per  square  foot  of  area  ? 

Ans.  \  (^)  234.5  ft. 
.  i  (b)  17.82  1b. 

VENTILATING   BY    FURNACES. 


THB  CONSTRUCTION  OF  FURNACES. 

1009.  As  the  furnace  is  still  used  in  some  regions  for 
the  ventilation  of  small  mines  where  the  output  does  not 
justify  the  erection  of  a  ventilating  fan,  a  few  facts  concern- 
ing its  construction  and  use  should  be  known.  The  object 
of  a  furnace  is  to  produce  a  motive  column  by  rarefying  the 
air  in  the  upcast  shaft  with  heat.  In  shallow  mines,  how- 
ever, where  an  efficient  motive  column  can  not  be  obtained, 
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the  fan  is  much  more  efficient  and  economical.  In  spite  of 
this,  the  furnace  is  still  used.  Therefore,  its  construction 
must  be  described. 

Fig.  153  is  an  illustration  of  a  type  of  furnace  quite  gen- 
erally used.     It  is  important,  in  building  a  furnace,  to  con- 
struct it  so  as  to  keep  the  excessive  heat  of  the  fire  from  the  coal 
-t    •         .       .  on  its  flanks,  and  from 

the  rock  above  it.  In 
Fig.  153,  Z,  /,  show  the 
sides  in  the  coal-seam. 
The  drifts  D,  D  provide 
for  the  isolation  of  the 
heat  from  the  coal.  Im- 
mediately above  the  fire 
is  a  double  arch,  and  as 
the  inner  one  is  subject 
to  constant  variations  of 
temperature,  ribs  of 
brick  are  run  between 
the  inner  and  the  outer 
='arch  to  prevent  col- 
lapse, and  to  keep  the 
Fig.  iM.  air-space     so    widely 

open  that  a  current  of  air  may  freely  pass  through  it  and 
keep  the  heat  from  the  roof.  The  importance  of  this  ar- 
rangement is  due  to  the  fact  that  in  cases  where  the  roof 
stone  contains  water,  the  crown  arch  is  continually  buckling 
with  the  pressure  produced  by  steam,  and  this  causes  the 
top  stone  to  break  and  fall.  P  is  the  ash-pit,  and  G  is  the 
bearing-up  bar,  or  front  fire-grate  girder.  At  B  are  seen 
the  fire-bars  that  conjointly  make  up  the  fire-grate  surface. 
The  furnace  arch  is  generally  semicircular,  and  the  height 
from  the  fire-bars  to  the  under  surface  of  the  arch  is  gen- 
erally \_\  times  the  width  of  the  fire-grate  surface.  The  di- 
mensions of  the  furnace  are  determined  on  the  basis  of  the 
amount  of  work  it  is  intended  to  perform,  and  when  the 
breadth  of  the  furnace  is  found,  all  the  other  dimensions  are 
deduced  from  it. 
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The  length  of  the  furnace-bars  should  not  exceed  5  feet, 
and  as  this  dimension  is  uniform  for  all  furnaces,  the  im- 
portant dimension  required  for  constructing  a  furnace  is  its 
breadth.  The  area  of  the  fire-grate  surface  varies  inversely 
as  the  square  root  of  the  depth  of  the  furnace-shaft.  Be- 
fore the  width  of  a  furnace  can  be  determined,  the  amount 
of  air  necessary  for  the  efficient  ventilation  of  the  mine 
must  be  fixed,  and,  in  addition  to  this,  the  ventilating  pres- 
sure in  inches  of  water-gauge  must  be  approximately 
known.  From  these  factors,  the  horsepower  of  the  required 
furnace  can  be  calculated  by  dividing  the  product  of  the 
volume  of  air  in  cubic  feet  per  minute  and  the  pressure  in 
pounds  per  square  foot,  by  33,000. 

Example. — Suppose  a  case  in  which  the  quantity  of  air  required  is 
120,000  cubic  feet  per  minute,  and  the  probable  mine  resistance  for 
that  quantity  is  2  inches  of  water-gauge  ;  what  horsepower  is  required 
in  the  ventilation  ? 

^  120,000  X  2  X  5.2      ^^  ^  __  „      ^ 

Solution.—     — - — ^»\^^    =  37.8  H.  P.     Ans. 

oo,lKX) 


BXAMPLES    FOR    PRACTICB. 

1.  A  mine  is  ventilated  by  an  air-current  of  200,000  cubic  feet  per 
minute,  and  the  water-gauge  reading  is  2. 1  inches  ;  what  horsepower 
is  exerted  in  moving  the  air  ?  Ans.  66.18  H.  P. 

2.  A  mine  is  ventilated  by  an  air-current  of  125,000  cubic  feet  per 
minute,  and  the  water-gauge  reading  is  3.5  inches  ;  what  horsepower 
is  exerted  in  moving  the  air  ?  Ans.  68.94  H.  P. 


GRATE  SURFACE. 

lOlO.     The  fire-grate  surface  required  is  found  by  the 
following  formula : 

s  =  ^.  (61.) 

in  which  D  =  depth  of  the  furnace-shaft  in  feet ; 

34  =  a  constant  number  proved  by  many  experi- 
ments ; 

and  s  =  square  feet  of  fire-grate  surface  required  per 

horsepower  of  the  ventilation. 
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Example. — The  depth  of  the  shaft  is  400  feet,  and  the  horsepower 
required  in  the  ventilation  is  37.8  ;  what  area  of  fire-grate  is  required  ? 

84 
Solution. — By  applying  formula  61,  — =:  =  1.7  square  feet  of 

i/400 
fire-grate  surface  required  per  horsepower.     Since  37.8  horsepower  is 
required,  the  fire-grate  surface  should  be  37.8  X  1- 7  =  64.26  sq.  ft    Ans.- 

A  grate  surface  of  the  size  calculated  in  the  above  example 
will  efficiently  ventilate  a  mine  400  feet  deep,  with  120,000 
cubic  feet  of  air  per  minute,  circulated  against  a  resistance 
equal  to  2  inches  of  water-gauge.  Again,  if  the  bars  of  the  fire- 
grate are  5  feet  long,  the  breadth  of  the  furnace,  in  feet,  will 

in  this  case  be  equal  to  - — '-;^~  =  12.85  feet. 

0 

Example. — Let  a  furnace-shaft  be  900  feet  deep,  and  the  ventilating 
current  be  equal  to  200,000  cubic  feet  per  minute,  with  a  mine  resist- 
ance equal  to  2  inches  of  water-gauge  ;  what  must  be  the  breadth  of 
the  furnace  when  the  length  of  the  fire-bars  is  taken  at  5  feet  ? 

o                     a.u    u                            •     J  .            w    200.000  X  2  X  5.2 
Solution. — ^The  horsepower  required  is  equal  to ^^  ^^ = 

68  H.  P.     The  fire-grate  surface  per  horsepower,  by  use  of  formula 

34 
61,  is  found   to  equal  — ^^=  =  1.133  square  feet ;  and,  therefore,  the 

i/900 

square  feet  of  fire-grate  surface  required  are  equal  to  63  X  1.133  =71.379 

square  feet ;  and,  if  the  length  of  the  fire-bars  be  taken  at  5  feet,  the 

71.379 
breadth  of  the  furnace  is  equal  to  — '-^ —  =  14.28  ft.     Ans, 

An  examination  of  the  two  examples  will  show  that,  not- 
withstanding the  fact  that  the  horsepower  required  in  the 
latter  case  is  so  much  greater  than  in  the  former,  yet  the 
fire-grate  surface  is  very  little  increased,  owing  to  the  greater 
depth  of  the  shaft. 

BXAMPLBS    FOR    PRACTICB. 

1.  What  grate  surface  will  be  required  to  produce  a  current  of 
200,000  cubic  feet  per  minute,  with  a  water-gauge  of  2.1  inches,  if  the 
furnace-shaft  is  900  feet  deep  ?  Ans.  74.98  sq.  ft. 

2.  What  width  of  furnace  will  be  required  to  produce  a  current  of 
100,000  cubic  feet  per  minute,  with  a  water-gauge  of  2  inches,  if  the 
shaft  is  625  feet  deep,  and  the  grate-bars  of  the  furnace  are  5  feet  long  ? 

Ans.  8.57  ft. 
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RBHAKKS   ON  PURNACB  VENTILATION. 

1011.     Where  furnace  ventilation  is  practised  and  the 
return  air  contains  inflammable  gas,  it  is  often  necessary  to 
feed  the  furnace  with  fresh 
air  and  use  the  heated  gases  : 
from   the   fire   to   heat   and  ; 
rarefy  the  upgoing  column  of  ■ 
return   air   from   the    mine. 
In  Fig.   154  the   heated   air  ■ 
from  the  furnace  is  marked  : 
H,  and  is   seen   to  pass   up  \ 
that  portion  of  the  shaft  at  S.  \ 
Again,  nothing  but  the  re-  j 
turn  air^  is  seen  to  pass  the  1 
dumb  drift  P,  as  shown   by  | 
the  arrows.     The  return  air  \ 
unites  and   mixes   with  the  ' 
heated  gases  of  the  fire  at  the 
junction   of  the  dumb  drift  \ 
with  the  shaft.     The  furnace  | 
receives   its   supply  of-  fresh 
air  at  A,  as  shown  in  section  ^ 
and  plan.     In  the  plan,  the  | 
fresh  air  to  feed  the  furnace  is  | 
indicated  by  the  arrow  at/i, 
and  in  the  section  the  return  ■ 
air  from  the  mine  is  seen  to  m 
enter  the  dumb  drift  at  R.  "^ 
The  object  of  this  drift  is  to  '"°-  '"■ 

isolate  the  return  air  from  the  flaming  gases  of  the  furnace. 
The  junction  of  the  dumb  drift  with  the  shaft  should  not 
occur  at  a  less  elevation  than  150  feet  above  the  furnace, 
and  in  some  cases  where  bituminous  coal  is  burned,  safety  is 
not  secured  until  the  junction  takes  place  at  an  elevation  of 
300  feet.  As  this  is  equal  to  the  depth  of  many  shafts,  and 
more  than  the  maximum  depths  of  others  where  furnaces 
are  used,  it  is  clear  that,  at  its  best,  the  furnace  does  not 
afford  a  safe  means  for  the  ventilation  of  a  gaseous  mine. 
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VENTILATION  BV  WATKRFALLING. 
1012>  In  some  regions,  waterfall  ventilation  is  impor- 
tant, because  it  is  cheap  and  very  efficient.  It  often  occurs, 
however,  through  oversight,  that . 
this  agency  is  not  adopted,  al- 
though the  conditions  for  its  use 
are  highly  favorable.  In  Fig.  155 
is  shown  what  is  called  a  tromp«, 
or  waterfall  ventilator,  in  com- 
mon use  in  many  parts  of  the 
world,  for  the  ventilation  of  such 
coal  and  metal  mines  as  have  the 
shaft  bottom  or  lower  level  situa- 
ted above  the  drainage  level  of  the 
district.  The  trompe  is  a  rect- 
angular tube  made  of  wood,  and 
has  an  area  of  section  equal  to 
from  4  to  C  square  feet.  The 
length  is  regulated  by  the  prevail- 
ing conditions,  but  the  greater  the  ■ 
length  the  better.     The  water  de- 

Ilivered  into  the  trompe  generally 
comes  from  a  neighboring  stream 
and  is  conducted  by  a  spout  or 
trough  L.  Here  the  water  is  first 
divided  into  small  streams  by  pass- 
ing it  through  perforations  in  the 
Fco.  16B  top  plate  G.      These  water  threads 

are  broken  up  by  their  inert  force  into  drops  that  fall  in  suc- 
cession from  one  to  another  of  a  series  of  sloping  shelves  that 
are  called  dashboards,  as  shown  by  D,  D,  D,  D,  etc.  The 
water,  on  striking  the  upper  board,  rebounds,  and  the  spray 
that  is  thus  produced  rains  on  to  the  under  ones,  and  so  on 
from  one  to  another  until  the  trompe  becomes  a  vertical  tube 
enclosing  a  shower  of  fine  water-drops  that  produce  a  power- 
ful, energetic  blast  of  air.  As  the  drops  fall  they  produce  a 
partial  vacuum  in  thei  r  rear  and  a  compression  on  their  under 
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side,  which  causes  an  inrush  of  air  into  the  ports  yl,  A,  A, 
etc.  The  water  ultimately  falls  into  a  trap  JK  T,  where  it 
overflows,  and  the  air  then  blows  out  of  the  horizontal 
delivery  branch  of  the  ventilator  at  V.  The  trompe  is  used 
in  the  downcast  shaft,  and,  therefore,  acts  as  a  blower  to 
propel  a  current  through  the  galleries  of  the  mine. 

1013.     Where  copious  ventilation  is  required,  an  entire 
shaft  is  made  to  act  as  a  large  trompe,  as  in  the  case  illus- 
trated by  Fig.  150.     Here,  however,  instead  of  using  a  per- 
forated plate,  a  brush  mat 
is  provided   for   breaking 
up  the   water  into  spray, 
as  shown  between  the  bun- 
tons  in   the  middle  of  the 
shaft.     The  water-flow  is 
here  conducted  by  a  trough 
IK  into  the  spray-maker, 
where   it   is   broken    into 
drops  and   made  to   rain 
down  the  shaft  in  a  rapid 

shower.     This    rain    pro-  ir,o  ,59 

vides  a  powerful  ventilation,  and  can  be  used  with  great 
advantage  with  a  fall  of  from  100  to  200  feet.  The  ar- 
langement  is  also  cheap  and  economicul  where  a  copious 
mountain  stream  is  available  all  the  year  round.  So  con- 
siderable is  the  pressure  produced  in  this  way,  that  water- 
falls have  been  used  to  produce  an  air-blast  for  smelting 
iron  in  cupola  furnaces.  In  .some  cases  where  water  is 
available  and  can  be  used  for  ventilating  mines,  a  vertical 
shaft  to  be  used  as  a  trompe  is  sunk  on  the  side  of  a  moun- 
tain at  sufficient  elevation  above  the  top  of  the  downcast. 
The  bottom  of  the  trompe  is  made  a  little  below  the  top  of 
the  downcast  shaft.  The  air  from  the  fiill  is  conducted 
into  the  downcast  sliaft  by  a  drift,  and  to  confine  the  air  to 
the  flow  nf  the  mine,  the  top  of  the  shaft  is  ciivcrid  with  a 
trap-lid.  The  drift  connecting  the  trompe  and  Ih.r  down- 
cast   is  e.\tcndcd  past  the  downcast  to   the  surface.      The 
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water  falling  down  the  trompe  is  collected  in  a  small  sump^ 
trapped  into  a  trough  in  the  drift,  whence  it  flows  past  the 
downcast  and  runs  away.  Where  the  flow  of  water  is 
copious,  200,000  or  300,000  cubic  feet  of  air  per  minute  can 
in  this  manner  be  supplied  for  the  ventilation  of  a  large 
mine. 

VENTILATION     BY     STEAM-JET    AND    WATER- 
JET. 

1014.  Ventilation  by  Steam->Jet. — Sometimes  a 
current  of  air  is  set  in  motion  with  a  steam-jet  projected 
into  a  channel  along  which  the  current  moves,  but  economi- 
cal results  have  not  been  obtained  in  this  way. 

1015.  Ventilation  by  a  Water-Jet. — Sometimes  a 
jet  of  sprayed  water  is  projected  along  the  path  of  a  current 
to  produce  ventilation.  This  method  has  not  been  very 
successful  for  producing  large  volumes  of  air,  except  when 
used  as  a  waterfall,  as  previously  described.  But  it  has 
been  applied  with  comparatively  good  results  for  producing 
a  local  current  in  a  cheap  and  efficient  way.  It  is  only 
necessary,  however,  for  the  student  to  know  that  such 
means  are  used  for  setting  currents  of  air  in  motion. 


MECHANICAL  VENTILATORS. 


PRINCIPLES  GOVERNING  THE  ACTION  OF  FANS. 

1016.  Chief  among  the  mechanical  ventilators  of 
mines  is  the  centrifugal  fan,  and  it  is,  therefore,  important 
that  its  principles  of  construction  and  mode  of  action  should 
be  understood.  The  fan  is  really  a  valvele5>s  pump,  its 
blades  taking  the  place  of  the  pump-piston,  and,  so  far  as 
the  exhausting  and  blowing  out  of  the  mine  air  is  concerned, 
the  fan  and  the  pump  act  in  the  same  way. 

To  set  a  fluid  in  motion,  the  ventilating  fan,  like  the 
pump,  must  overcome  three  distinct  causes  of  resistance  ; 
to  make  clear  how  these  causes  originate,  an  air-pump  such 
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as  shown  m  Fig.  157  is  used.  The  first  cause  uf  resistance 
is  that  due  to  the  friction  of  the  mine.  To  show  clearly 
its  distinctive  individuality,  the  pump  is  so  contrived  that 
no  air  can  enter  it  without  passing  down  the  tube  A  B  in 
the  vessel  at  the  left  side  of  the  figure;  and  to  create  an 
artificial  resistance,  the  vessel  just  referred  to  is  seen  to  be 
half  filled  with  water,  so  that  before  any  air  can  get  inside 
of  this  closed  vessel,  two  things  must  happen.  First,  the 
pump-piston  G  must  move  upwards,  and,  as  a  result  of  this 
movement,  a  depression  of  the  air  pressure  will  occur  below 
the  piston  and  above  the  water  in  the  closed  vessel.     This 


having  taken  place,  the  external  air  will  by  its  greater  pres- 
sure force  the  water  down  and  out  of  the  bottom  end  of 
the  pipe  A  />',  and  it  will  then  bubble  up  through  the  water 
and  enter  the  pipe  D  C  on  its  way  into  the  cylinder,  as 
shown  by  the  arrow. 

1017.  Th«  Depressions  Produced  by  the  'Work- 
ing of  a  Fan. — To  make  the  depression  required,  the  pis- 
ton must  move  and  produce  a  depression  that  will  so  reduce 
the  pressure  of  the  air  in  the  cylinder  and  the  vessel,  that 
it  will  require  the  weight  of  the  water  the  air  displaces 
added  to  the  pressure  of  the  air  within  the  vessel  to  equal 
thfe  atmospheric  pressure  outside. 
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For  example,  suppose  that  the  depth  of  the  water  through 
which  the  air  must  be  forced  is  equal  to  2  inches,  or  a  pres- 
sure of  10.4  pounds  per  square  foot.  Then,  if  the  outside 
pressure  is  equal  to  2,110  pounds  per  square  foot,  the  inside 
pressure  can  not  be  more  than  2,110  —  10.4  =  2,105.0  pounds. 
The  piston  has  here  made  such  a  depression  as  is  found  in  a 
fan  drift,  and  that  is  the  equivalent  of  what  is  called  the 
mine  resistance,  or  the  pressure  required  to  set  a  current  of 
air  in  motion  through  a  mine.  The  use  of  a  fan  is  to  make 
this  depression.  The  first,  or  principal  depression,  and  the 
equivalent  pf  the  force  required  to  produce  it,  is  represented 
in  Fig.  157  by  a  weight  J/^  hung  on  the  opposite  end  of  the 
beam  that  turns  on  the  center  pin  5.  The  entire  use  of 
the  vessel  D  L  B  is  to  generate  an  artificial  resistance  to 
imitate  a  mine  resistance. 

1018.  The  second  cause  of  resistance  is  that  due  to  the 
force  required  to  set  the  air  in  motion  in  the  cylinder 
through  the  port  I)  C.  Air  can  not  be  set  in  motion  out  of 
the  vessel  DLB  without  a  depression  in  the  cylinder  at 
G  C,  for  air-currents  move  only  from  a  higher  to  a  lower 
pressure.  Therefore,  the  piston  must  move  sufficiently  to 
make  a  displacement  not  only  equal  to  the  depression  the 
weight  MR  would  produce,  but,  in  addition,  a  depression 
equal  to  that  which  the  weight  /J/ would  produce.  This 
means  that  the  depression  within  the  cylinder  dX  G  C  must 
be  equal  to  I M -\- M R  =  I R^  while  the  depression  within 
the  vessel  I)  L  will  only  be  equal  to  MR,  The  depression 
I M  is  the  one  which  represents  the  depression  required  for 
the  entry  of  air  into  a  fan. 

1019.  From  what  has  bt5fen  stated,  the  student  can  see 
that  two  depressions  must  be  made  by  the  action  of  the  fan. 
The  first  one  is  provided  to  cause  the  fall  of  a  current  from 
the  atmosphere  through  the  mine  into  the  fan  drift,  and  the 
second  one  is  provided  for  the  air  in  the  fan  drift  to  fall  into 
the  fan.  As  has  been  shown,  the  sum  of  these  depressions 
is  equal  to  the  pressure  represented  by  the  weights  I  AT  and 
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MR.  In  addition  to  these,  however,  there  is  a  third  resist- 
ance, O  /,  which  is  the  pressure  required  for  the  air  to  fall 
out  of  the  fan  into  the  atmosphere.  The  piston  can  not 
force  the  air  out  of  the  upper  end  of  the  cylinder  without  a 
difference  between  the  inside  and  the  outside  pressure ;  alto- 
gether, then,  the  sum  of  the  pressures  required  for  a  fan  to 
do  its  work  is  equal  to  O  R,  ox  O I  -\-  /M+  MR, 

1020.  The  centrifugal  ventilating  fan  furnishes  the 
best  agent  for  the  economical  ventilation  of  mines,  for  two 
reasons:  first,  it  is  safer  than  the  furnace;  and,  second,  its 
efficiency  is  uniformly  the  same  for  deep  and  for  shallow 
mines ;  whereas  the  efficiency  of  the  furnace  is  very  small 
for  shallow  mines,  and  is  not  much  greater  than  the  fan  in 
the  ventilation  of  deep  ones.  From  all  points  of  view,  then, 
the  centrifugal  fan  is  the  best  ventilating  machine  in  use. 


COMPARISON  OF  FAN  AND  FURNACE. 

1021.  The  underlying  principles  of  the  modes  of  action 
of  the  fan  and  the  furnace  are  so  different  as  to  require  par- 
ticular notice.  The  ventilating  pressure  produced  by  the 
furnace  is  the  result  of  the  difference  in  the  weights  of  the 
ventilating  columns;  whereas  the  ventilating  pressure  pro- 
duced by  a  fan  is  the  result  of  a  difference  in  the  total  pres- 
sures upon  two  shafts.  For  example,  if  a  pair  of  shafts  are 
1,200  feet  in  depth,  and  are  ventilated  by  a  furnace  with 
the  temperature  of  the  downcast  column  C2°  F.,  and  that  of 
the  upcast  135°  F.,  then  by  formula  57  the  weight  of  a 
cubic  foot  of  each  can  be  found  as  follows:  In  the  down- 
cast,   the    weight    of    a    cubic    foot    of    air    is    equal    to 

'/.' — rW-  =  .0703  pound  (see  formula  57),  and  the  weight 
(45ti  -|-  uZj 

of  a  cubic  foot  of  air  in  the  upcast  is  equal  to  .'    ^   '.   ^,r^r  = 

(4roO  4"  135) 

.0009   pound.     (See   formula  57.)     The  difference   in  the 

weights  is,  therefore,  equal  to  .0703  —  .0000  =  .0094  pound. 

The  pressure,  per  square  foot,  producing  ventilation  under 
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the  given  conditions  of  depth  and  heat,  is,  according  to  for- 
mula  6O9 

(135  -  62) 


(459  +  135) 


X  .0763  X  1,200  =  11.252  pounds. 


1022.  Fan  ventilation  is  not  produced,  like  furnace 
ventilation,  by  a  difference  in  the  weights  of  the  ventilating 
columns.  If,  in  the  case  of  fan  ventilation  in  the  same 
shafts,  the  weight  of  a  cubic  foot  of  air  in  the. downcast  is 
equal  to  .0763  pound,  the  ventilating  pressure  of  the  fan 
is  equal  to  that  of  the  furnace,  and  the  temperature  of  the 
upcast  column  is  the  same  as  that  of  the  downcast  one, 
namely,  62°  F. ;  then,  by  taking  the  pressure  of  the  atmos- 
phere at  2,116  pounds  per  square  foot,  the  weight  of  a  cubic 
foot  in  the  upcast  shaft  can  be  found  by  the  following  for- 
mula: 

w  =  ^^  X  IV,  (62.) 

in  which  w  =  weight  of  1  cubic  foot  of  air  in  the  upcast ; 

P  =  atmospheric  pressure  per  square  foot,  or  2,116 

pounds ; 
/  =  ventilating  pressure  in  pounds  per  square  foot ; 
IV  =  weight  of  1  cubic  foot  of  air  in  the  downcast. 

Hence,  in  the  case  under  consideration, 

i^^^^j::^)  X    0763  ^  .075894  pound.     Ans. 
5i,llo 

The  difference  in  the  weight  of  a  cubic  foot  of  air  in  the 
downcast  and  of  a  cubic  foot  in  the  upcast  is,  therefore, 
equal  to  .0703  —  .075894  =  .000406  pound.  That  is,  the 
weights  of  the  upcast  and  downcast  columns  are  practically 
the  same. 

To  produce  a  ventilating  pressure  of  11.252  pounds  per 
square  foot  with  a  furnace  and  with  a  fan,  the  following 
curious  differences  occur: 

Differences  in  the  weights  of  a  cubic  foot  of  air: 

Furnace  ventilation,  .0094  pound. 
Fan  ventilation,  .000406  pound. 
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Difference  in  the  total  pressures  upon  the  ventilating 
columns,  in  the  given  examples: 

For  furnace  ventilation,  none ;  because  the  motion  of  the 
current  is  caused  by  a  difference  of  weight  in  the  two 
columns. 

For  fan  ventilation,  11.252  pounds;  direct  pressure,  with 
practically  no  difference  in  the  weights  of  the  two  columns. 

Plainly  stated,  the  facts  are  these :  The  furnace  rarefies 
the  air  by  heat,  and  the  air  flows  because  the  rarefied  column 
is  lighter  than  the  other  column.  The  fan,  by  exhaustion 
or  compression,  makes  the  total  pressure  upon  the  top  of 
one  column  greater  or  less  than  the  pressure  upon  the  top 
of  the  other  column ;  so  that,  although  the  weights  of  the  two 
columns  are  practically  the  same,  the  difference  in  pressure 
on  the  tops  of  the  columns  produces  the  flow. 

1023.  From  what  has  been  explained,  it  is  easy  to  infer 
that  the  mode  of  action  that  characterizes  the  centrifugal 
fan  is  that  of  producing  differences  of  pressure  between  the 
air  entering  and  leaving  a  mine,  and  entering  and  leaving  a 
fan.  For  example,  if  the  absolute  pressure  of  the  air  within 
the  fan  drift  were  not  below  the  external  pressure  of  the  air 
entering  a  mine,  the  air  could  not  be  set  in  motion.  It  is 
clear,  then,  that  the  prime  object  of  the  fan  is  to  make  a 
depression  at  one  end  of  the  mine  so  that  the  greater  pres- 
sure at  the  other  will  set  the  air  in  motion.  Further,  after 
the  air  has  passed  through  the  passages  of  a  mine  and  has 
reached  the  fan  drift,  it  can  not  enter  the  fan  unless  the 
pressure  within  the  fan  is  less  than  that  of  the  air  in 
the  drift.  Therefore,  a  fan,  to  produce  a  ventilating  current, 
must  make  a  provision  for  two  distinct  depressions,  one  to 
cause  the  air-current  to  flow  towards  the  fan  and  one  to 
cause  the  current  of  air  to  enter  the  .fan  itself.  Again,  air 
can  not  leave  a  fan  unless  its  pressure  is  raised  above  that 
of  the  external  air.  Then,  if  the  air  leaving  is  at  a  pressure 
greater  than  that  of  the  atmosphere,  it  is  clear  that  the  work 
to  be  done  is  equal  to  that  of  producing  a  motive  pressure 
equal  to  the  sum  of  two  negative  pressures  and  the  positive 
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one.  That  is,  it  is  necessary  in  this  case  to  make  a  depres- 
sion equal  to  about  10  pounds  on  the  square  foot  to  over- 
come the  mine  resistance,  and  a  further  depression  of  about 
2  pounds  on  the  square  foot  is  required  to  cause  the  air  to 
enter  the  fan.  The  sum  of  these  depressions  becomes  10  + 
2  pounds,  or  12  pounds,  on  the  square  foot  below  the  pres- 
sure of  the  atmosphere.  Again,  as  the  fan  must  make  a 
compression  for  blowing  the  air  out,  say  to  2  pounds  on  the 
square  foot,  the  work  of  making  the  depression  and  the  com- 
pression is  altogether  equal  to  10 4-2  +  2=14  pounds  on 
the  square  foot. 

1024.     The  above  principles  of  action  are  explained  by 
Fig.  158,  in  which  a  funnel  and  the  pipe  A  B  represent  the 

; 


Fig.  168. 


downcast  shaft  D  C,  and  the  pipe  5  forming  one  limb  of  the 
siphon  represents  the  upcast  shaft  U C,  while  the  descend- 
ing limb  F  represents  the  depression  and  compression  of  a 
fan.  It  may  be  seen  that,  if  at  any  moment  the  pressures 
or  weights  of  the  columns  D  (T  and  ^T  are  equal,  the  fluid 
will  not  flow  through  the  pipes,  because  the  atmospheric 
pressure  will  not  force  it  through  the  elbow  x\  but  as 
soon  as  a  portion  of  it  tills  the  descending  limb  /%  a  de- 
pression takes  place  in  the  column  5  and  the  fluid  falls 
from  D  C  to  U  C.     Now,  let  us  apply  this  principle  to  show 
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how  an  exhaust-fan  produces  ventilation.  The  horizontal 
pipe  PP  takes  the  place  of  th^  galleries  in  a  mine,  and  the 
columns  A  B  and  5  take  the  place  of  the  shafts,  thus  ma- 
king A  B  the  downcast  and  5  the  upcast  shaft.  The  falling 
limb  of  the  siphon  F  represents  the  exhaust-fan.  It  now 
becomes  important  that,  through  the  medium  of  this  dia- 
gram, the  two  depressions  and  the  single  compression 
generated  by  the  exhausting-fan  be  studied.  In  the  first 
place,  the  fan  represented  by  F  makes  a  depression  into 
which  the  air  of  the  mine  falls.  If  the  mine  resistance  is 
nearly  equal  to  2  inches  of  water-gauge,  or  10  pounds  on 
the  square  foot,  it  can  be  graphically  shown,  as  in  that  por- 
tion of  the  diagram  at  the  right-hand  side  of  the  figure, 
that  ^  ^  is  proportional  to  the  depression  required  to  over- 
come the  mine  resistance.  Again,  the  depression  required 
for  the  air  to  enter  the  fan  is  represented  h^  bc\  hence, 
for  the  air  to  flow  through  the  mine  and  fall  into  the 
fan,  a  depression  must  be  made  equal  to  a  c.  Further,  a 
pressure  above  the  atmosphere  is  required  to  blow  the  air 
out  of  the  fan,  as  shown  at  c  d.  The  total  amount  of  pres- 
sure then  required  to  cause  the  air  to  flow  through  the  mine 
and  fall  into  the  fan,  and  to  blow  it  out,  \^  ab  '\'  b  c  '\-  c  d^=^ 
ad. 

CALCULATION      OF      VELOCITIES     AND      PRES- 
SURES. 

1026*     In  calculating  the  resistance  due  to  the  flow  of 
air  through  mine  passages  only,  the  well-known    formula 

p  = is  used ;  but  the  pressure  required  to  blow  air  into 

a  fan,  and  blow  it  out,  must  be  found  in  a  different  way, 
because  the  conditions  that  originate  the  resistance  are 
different.  For  example,  the  greater  portion  of  the  resist- 
ance met  by  a  current  flowing  through  a  mine  is  generated 
by  the  rubbing  surfaces  of  the  airways ;  but  there  are  no  rub- 
bing surfaces  to  produce  resistances  when  air  moves  through 
an  orifice  that  practically  has  no  length,  as  in  the  case  of  the 
port  of  entry  into  a  fan  and  the  port  of  discharge  out  of  it: 
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There  are  resistances  that  are  peculiar  to  orifices  that  have 
no  length,  such  as  the  irna  contracta.  Now,  but  for  this 
interference  with  the  movements  of  fluids,  air  at  a  pressure 
of  3,111;  pounds  on  the  square  foot  would  rush  into  a  vacuum 
with  a  velocity  whose  square  would  be  equal  to  1,800,000. 
After  this  number  has  been  corrected  for  the  resistance  due 
to  the  vena  contracta,  it  is  reduced  from  1,800,(KKI  to 
685,000. 


1026>     The  vena  contracta  is  that  resistance  due  to  the 
divergent  and  convergent  movements  of  the  particles  of  a 
fluid  moving  through  an  orifice.     To  make  this  clear,  a  ref- 
erence to  Fig.  15!)  will  show  that  the  air  particles  a,  c,  e,f, 
and   h   are    all   converging 
towards  O,  the  center  of  a 
fan    orifice.      As   a   conse- 
quence,  their   velocities  in 
lines  parallel  to  each  other, 
and   perpendicular    to    the 
I  plane    of    the    orifice,    are 
quite  different;   for  exam- 
ple,   in   the  time   that  the 
particle  e  requires  to  move 
to  0,  e  moves  to  d,  and  a  to 
b,    or  f  to  g,  and  /(  to  (. 
Again,  while  a  moves  to  b, 
the  same  particle  is  tending 
to  move  from  i  to  O;  since 
the  latter  movement  is  pre- 
vented, the  direction  of  the 
particle    is    deflected,    and 
'^'*-  ^'•'  this  contracts  the  neck  of 

the  inverted  cone  of  the  inflow,  and  still  further  promotes 
the  resistance  at  entry.  Another  cause  of  resistance  is 
found  in  the  whirl  set  up  by  the  ci)nverging  particles  de- 
flecting each  other  near  the  orifice,  as  at  D,  and  this  is  the 
result  of  the  velocities  of  the  particles  increasing  as  they 
'accumulate  in  a  reducing  space,  as  c/,  qr,  or  k  m.     These 
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facts  are  still  more  dearly  exemplified  in  Fig.  IGO.  Here 
the  lateral  pressure  has  produced  the  contraction  D  D,  and 
it  is  curious   to  observe  « 

that    when     the    lateral 
pressure  is  relieved,  the 
column  swells  out  again 
to    the    full   size   of   the 
orifice     A    B,    and    still 
further  expands   beyond 
the   orifice,    as   at   E  E. 
Now,  the  result  of  these  ' 
resistances    is    that    the 
mean  velocity  of  the  in- 
flow is    reduced  propor- 
tionately from  1  to  .63;  Fio.ieo. 
for  air  this  is  called  the  coefficient  of  the  inflowing  velocity, 
cr  the  vena  contracta.     It  may  thus  be  seen  that  when  the 
particles   of  a   current    flow   along   converging    lines,   the 
channel  of  the  stream  is  constricted,  and  the  general  veloc- 
ity is  reduced. 

1027.  If  it  requires  an  atmospheric  pressure  of  2,116 
pounds  per  square  foot  to  cause  air  to  blow  through  an 
orifice  into  a  vacuum  with  a  mean  velocity  whose  square  is 
685,600,  then  the  square  of  the  velocity  for  any  other 
pressure  is  readily  found,  when  it  is  remembered  that  the 
squares  of  the  velocities  of  air-currents  vary  directly  as  the 
pressures.  This  principle  may  be  stated  by  the  following 
formula  : 

i'=  4/(i85,600  X  ^-^,  (63.) 

in  which/  =  given  pressure  in  pounds  per  square  foot, 
and  V  =  velocity  in  feet  per  second. 

Suppose  the  pressure  is  equal  to  3  inches  of  water-gauge, 
or  15.6  pounds  on  the  square  foot;  then,  by  formula  63, 

^  3,116" 
second.      It  should    be  observed,  however,  that  G85,Cfl<)and 
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2,116  are  constant  numbers,  and  that  they  can  be  eliminated 
by  substituting  a  single  constant. 

Dividing  085,000  by  2,116,  and  extracting  the  square  root 
of  the  quotient,  formula  63  becomes 

z;  =  18i/^.  (64.) 

Example. — Required  the  velocity  with  which  air  will  move  through 
an  orifice  under  a  pressure  of  15.6  pounds  per  square  foot. 

Solution. — Applying  formula  64, 
7/  =  18  X  VT5.6  =  71.095,  the  velocity  in  feet  per  second.     Ans. 

The  pressure  required  to  blow  air  through  an  orifice  when 
the  mean  velocity  is  given  can  be  found  by  the  formula 


= (0- 


(65.) 


Example. — If  air  is  blowing  through  an  orifice,  such  as  the  entry 
into  a  fan,  with  a  velocity  of  71.095  feet  per  second,  what  will  be  the 
pressure  or  depression  required  ? 

Solution. — Applying  formula  65, 


.=( 


71.095  V     .K«,.  *     *      A 

TT^ — j  =  15.6  lb.  per  square  foot.     Ans. 


The  following  equations  show  how  formulas  64  and  65 
are  obtained : 


^685, 600  X  j^  =  18  X  V7  =  t/, 

^^X  2,116^(0=/.     Ans. 

1028.     The  following  examples  will  illustrate  the  use  of 
the  formulas  given: 

Example. — The  mean  velocity  of  the  air  blowing  into  the  orifice  of 
entry  of  a  fan  is  25.5  feet  per  second;  what  is  the  depression  in  pounds 

per  square  foot  required  to  give  this  velocity  ? 

(25  5\' 

2.006  lb.  per  sq.  ft.     Ans. 

Example. — The  pressure  by  which  air  is  blown  into  a  fan  is  2.006 
pounds  per  square  foot ;  what  is  the  mean  velocity  of  the  entering  air  ? 

Solution.— By  formula  64,  7'  =  18  y'2.006  =  25.5  ft.  per  sec.     Ans. 
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Example. — ^The  orifice  for  the  entry  of  air  into  a  fan  is  10  feet  in 
diameter,  and  the  pressure  of  the  external  atmosphere  is  2,116  pounds 
per  square  foot ;  where  the  air  reaches  its  maximum  depression  within 
the  fan,  its  pressure  is  equal  to  2,104.5  pounds  per  square  foot;  and  the 
pressure  within  the  fan  drift  is  equal  to  2,106  pounds  per  .square  foot. 
{a)  What  is  the  pressure  that  is  effective  in  blowing  the  air  out  of  the 
drift  into  the  fan  ?  (d)  What  is  the  pressure  in  pounds  per  square 
foot  that  is  equal  to  the  mine  resistance  ?  (c)  What  is  the  quantity  of 
air  entering  the  fan  in  cubic  feet  per  minute  ? 

Solution. — {a)  If  the  maximum  pressure  within  the  fan  is  2,104.5 
pounds  per  square  foot,  and  the  maximum  pressure  in  the  fan  drift  is 
2,106  pounds  per  square  foot,  the  effective  pressure  blowing  air  into 
the  fan  is  equal  to  2,106  -  2,104.5  =  1.5  lb.     Ans. 

(d)  The  pressure  in  pounds  per  square  foot  required  to  overcome  the 
mine  resistance  is  equal  to  2,116  —  2,106  =  10  lb.  per  sq.  ft.     Ans. 

(c)  The  velocity  of  the  air  entering  the  fan  in  feet  per  second  can  be 
found  by  formula  64;  therefore,  it  is  18  X  ^175  =  22.0446  feet  per 
second.  If  the  diameter  of  the  orifice  of  entry  is  10  feet,  the  area  of 
the  orifice  in  square  feet  will  be  equal  to  10*  X  .7854  =  78.54  square 
feet  ;  and  as  60  times  the  velocity  in  feet  per  second  is  equal  to  the 
velocity  in  feet  per  minute,  the  following  is  the  quantity  of  air  entering 
the  fan  :     78.54  X  22.0446  X  60  =  103,883  cu.  ft.  per  min.     Ans. 

Example. — The  depression  necessary  for  air  to  enter  a  fan  is  1.5 
pounds  per  square  foot.  The  orifice  of  entry  is  10  feet  in  diameter, 
and  the  area  of  the  orifice  of  discharge  is  f  that  of  the  orifice  of  entry. 
If,  as  has  been  shown,  it  requires  1.5  pounds  per  square  foot  to  blow 
the  air  into  the  fan,  what  pressure  per  square  foot  will  be  required  to 
blow  it  out  ? 

Solution. — The  pressure  to  blow  the  air  out  will  be  inversely  pro- 
portionate to  the  squares  of  the  given  areas.  If  the  orifice  of  entry  is 
10  feet  in  diameter,  then  the  area  in  square  feet  will  be  10*  X  .7854  = 
78.54  square  feet,  and  the  area  of  the  orifice  of  discharge  will  be  equal 
to  i  of  78.54  =  58.905  square  feet  :  then  the  pressure  required  to  blow 
the  air  out  of  the  fan  will  be  equal  to 

78  54  \* 

^^  '^  )  X  1.5  =  2.666  lb.  per  sq.  ft.     Ans. 


G 


Example. — The  pressure  required  to  overcome  the  frictional  resist- 
ance of  the  air-currents  in  a  mine  is  12  pounds  per  square  foot,  and  the 
quantity  of  air  entering  the  fan  is  150,000  cubic  feet  per  minute,  {a) 
What  pressure  is  required  to  blow  the  air  through  an  orifice  of  entry 
which  is  12  feet  in  diameter  ?  (d)  What  pressure  will  be  required  to 
blow  the  air  out  of  the  fan  if  the  orifice  of  discharge  has  an  area  equal 
to  }  of  the  area  of  the  orifice  of  entry  ?     (r)  What  will  be  the  range  of 
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pressure  between  the  pressure  of  discharge  and  the  maximum  depres- 
sion within  the  fan  ? 

Solution. — (a)  To  find  the  pressure  required  to  blow  the  air  into 

the  fan,  first  find  the  velocity  of  the  entering  air  in  feet  per  second ; 

that  is«  divide  the  quantity  in  feet  per  minute  by  80  times  the  area  of 

the  orifice  of  entry,  and  the  quotient  will  be  the  velocity  in  feet  per 

150  000 
second  ;  thus,  7/  =  ^a^  v  7H"»i  v  fto ~  ^' ^^^  ^^^^  ^^  second.    The  pres- 

(22  1048  \' 
— TS —  )  ~ 

1.50609  lb.     Ans. 

(d)  The  area  of  the  orifice  of  entry  is  12«  X  .7854  =  113.0976  square 
feet,  and  as  the  orifice  of  discharge  is  |  of  the  area  of  the  orifice  of 
entry,  it  will  be  113.0976  X  |  =  90.478  square  feet. 

The  volume  of  air  in  cubic  feet  per  minute  leaving  the  fan  is  exactly 
the  same  as  that  entering  it ;  if  the  areas  of  entry  and  discharge  are 
different,  the  velocities  must  be  inversely  proportional  to  the  areas, 
because  the  velocity  must  be  greater  through  a  small  area  than  through 
a  large  one.     In  this  example  the  velocity  through  the  large  area  is  to 

i  iO  AO7A 

that  of  the  small  one  as  1  is  to       '        .    Again,  the  pressures  vary  as 

yo.47c> 

the  squares  of  the  velocities,  and,  therefore,  the  pressure  required  to 
blow  the  air  out  is 

(113  0976\* 
^^^^  j  X  1.50809  =  2.35689  lb.  per  sq.  ft.     Ans. 

{c)  The  total  range  of  pressure  between  the  pressure  of  discharge 
and  the  maximum  depression  within  the  fan  can  be  found  as  follows: 

Mine  resistance 12.00000  pounds. 

Blowing-in  pressure 1.50809  pounds. 

Blowing-out  pressure 2.35639  pounds. 

Total  15.86448  pounds.     Ans. 

Example.— «If  a  pressure  of  2  pounds  per  square  foot  is  required  to 
blow  air  out  of  a  fan  which  has  an  orifice  of  discharge  equal  to  95  square 
feet,  what  depression  will  be  required  to  blow  air  into  the  same  fan 
when  the  orifice  of  entry  has  an  area  of  120  square  feet  ? 

Solution. — As  in  the  above  example,  the  required  pressure  will  be 

the  ratio  of  the  squares  of  the  given  areas  multiplied  by  the  given 

/  95  \* 
pressure;   or /  =  (:r27t)  X  2  =  1.253472    lb.   per  sq.   ft,  the  pressure 

required  to  blow  air  into  the  fan.    Ans. 


fV 
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BXAMPLBS  FOR  PRACTICE. 

1.  The  velocity  of  air  blowing  through  an  orifice  is  45  feet  per 
second ;  what  pressure  per  square  foot  is  required  to  give  this  velocity  ? 

Ans.  6.25  lb.  per  sq.  ft. 

2.  When  the  pressure  required  to  blow  air  through  an  orifice  is 
equal  to  5  pounds  per  square  foot,  what  velocity  will  be  produced  ? 

Ans.  40.2492  ft.  per  sec. 

3.  The  velocity  of  air  blowing  through  an  orifice  is  equal  to  180  feet 
per  second ;  what  pressure  per  square  foot  will  be  required  to  give  this 
velocity  ?  Ans.  100  lb.  per  sq.  ft. 

4.  With  what  velocity  can  air  be  blown  through  an  orifice  under  a 
pressure  of  120  pounds  per  square  foot  ?  Ans.  197. 18  ft.  per  sec. 

5.  If  it  requires  a  depression  of  1.5  pounds  per  square  foot  for  air 
to  blow  into  the  port  of  entry  of  a  fan  that  is  12  feet  in  diameter,  what 
pressure 'would  be  required  to  blow  the  air  out  through  a  port  of  dis- 
charge that  is  10  feet  in  diameter  ?  Ans.  8.1104  lb. 

6.  If  it  requires  a  pressure  of  4  pounds  per  square  foot  to  blow  air 
through  the  port  of  discharge  of  a  fan  that  has  an  area  of  90  square 
feet,  what  pressure  will  be  required  for  air  to  enter  the  same  fan  when 
the  port  of  entry  has  an  area  of  150  square  feet  ? 

Ans.  1.44  lb.  per  sq.  ft. 

7.  What  will  be  the  total  pressure  of  the  air  just  within  the  port  of 
entry  of  a  fan  when  the  atmospheric  pressure  is  2, 116  pounds  per 
square  foot,  the  mine  resistance  is  equal  to  10.4  pounds  per  square  foot, 
and  the  depression  necessary  for  the  air  to  blow  into  the  fan  is  1.2 
pounds  per  square  foot  ?  Ans.  2,104.4  lb.  per  sq.  ft. 

1029*     The  total  range  of  pressure  by  which  a  ventila- 
ting fan  does  its  work  extends  from  the  maximum  depression 
within  the  fan  to  the  maximum  compression  without  it. 
.   For  example,  suppose  the  following  are  the  totals  of  the 

pressures: 

Mine  resistance 10.0  pounds. 

Blowing-in  pressure 1.5  pounds. 

Blowing-out  pressure  ...     2.0  pounds. 

Total  range  of  pressure. .   13.5  pounds. 

The  limits  of  the  total  range  of  pressure  arise  in  this  way : 
If  the  total  pressure  of  the  external  atmosphere  is  2,116 
pounds  per  square  foot,  this  constitutes  an  actual  depression 
into  which  the  air  from  the  fan  is  blown;  consequently,  the 
maximum  pressure  in  this  example  is  2,11G  +  2  =  2,118,  and 


/=(' 
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the  minimum  pressure  within  the  fan  is  2,118  —  13.5  = 
2,104.5  pounds  per  square  foot.  Now,  2,118  —  2,104.5  = 
13.5  pounds,  as  previously  shown. 

Example. — What  pressure  per  square  foot  will  be  required  to  blow 
150,000  cubic  feet  of  air  per  minute  into  a  fan  (a)  when  the  orifice  of 
entry  is  equal  to  10  feet  in  diameter,  and  (fi)  when  the  orifice  of  entry 
is  equal  to  5  feet  in  diameter  ? 

Solution. — (a)  The  velocity  in  feet  per  second  of  the  air  passing 
through  the  orifice  10  feet  in  diameter  is  found  as  follows: 

iA,>  w  r!u-A  V.  an  =  81-831  feet  per  second.     By  formula  65, 

10*  X  •  <oo4  X  oO  '^  ^  ' 

*^^-^y=  3.1272  lb.  per  sq.  ft.     Ans. 

{p)  In  the  same  manner  the  velocity  of  the  air  entering  the  orifice 

150  000 
6  feet  in  diameter  is  found   to  be  — — ^'^^ — ;^,  =  127.323  feet    per 

o*X. 7854x60  *^ 

second,   and    the    required    pressure,    by   formula  65,    is    equal    to 

(127  323  \* 
— -^- — j  =  50.035  lb.  per  sq.  ft.,  the  pressure  per  square  foot  required 

to  blow  150,000  cubic  feet  of  air  per  minute  through  an  orifice  5  feet  in 
diameter.     Ans. 

The  pressure  required  to  blow  150,000  cubic  feet  of  air  per 
minute  through  an  orifice  5  feet  in  diameter  is  16  times 
greater  than  the  pressure  required  to  blow  air  through  an 
orifice  10  feet  in  diameter. 

For,  to  blow  equal  quantities  through  unequal  areas  in 
equal  times,  the  pressures  vary  inversely  as  the  fourth 
powers  of  the  diameters  of  the  orifices.  To  prove  the  state- 
ment, let  the  quantity  be  150,000  cubic  feet  of  air  per  minute, 
and  let  the  pressure  for  an  orifice  10  feet  in  diameter  be 
3.1272  pounds  per  square  foot;  then  the  pressure  per  square 
foot  required  to  blow  the  same  volume  of  air  per  minute 
through  an  orifice  5  feet  in  diameter  is  equal  to  (V)*  X 
3.1272  ;=  50.035  pounds,  as  in  the  above  example. 


DIMENSIONS    OF    THE    PORTS    OF    A    VENTILA- 

TING  FAN. 

1030.  To  obtain  the  best  results  with  the  ventilating 
fan,  the  depression  necessary  for  the  entry  of  air  should,  if 
possible,  not  exceed  one  pound  per  square  foot.  Hence,  thcJ 
velocity  should  not  exceed  18  feet  per  second ;  for,  by  formula 
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64,  «/=  18  X  v7»  and  18  x  vT  =  18.  Now,  18  feet  per 
second  is  equal  to  18  X  60  =  1,080  feet  per  minute.  Using 
this  velocity,  the  diameter  of  the  port  of  entry  may  be  found 
by  the  following  formula: 

^=.0343i/^,  (66.) 

where  d  is  the  diameter  of  the  port  of  entry  and  q  is  the 
quantity  of  air  flowing  per  minute  through  one  port  of  entry. 
If  there  are  two  ports,  that  is,  if  the  fan  receives  air  on  both 
sides,  q  is  obtained  by  dividing  the  total  quantity  per 
minute  by  2. 

Example. — What  should  be  the  theoretical  diameter  of  the  port  T)f 
entry  of  a  fan  to  pass  200,000  cubic  feet  of  air  per  minute  ? 

Solution. — Using  formula  66, 

d-  .0343  v7  =  -0343  |/200,000  =  15.355  ft.     Ans. 

1031.  The  area  of  the  throat  of  a  fan  must  be  equal  to 
the  area  of  the  curved  surface  of  an  imaginary  cylinder 
whose  diameter  is  equal  to  that  of  the  port  or  ports  of  entry ; 
and,  as  the  length  of  this  cylinder  is  exactly  equal  to  the 
breadth  of  tlie  fan-blades,  it  is  important  that  the  relation- 
ship of  this  area  to  that  of  the  port  of  entry  should  be  fully 
understood.  The  breadth  of  the  blades  or  the  length  of  the 
imaginary  cylinder  just  referred  to  is  found  as  follows: 

Let  ^=  diameter  of  port  of  entry ; 
b  =  breadth  of  blades. 

Then  the  curved  surface  of  the  imaginary  cylinder  is 

3.1410^/^ 

the  area  of  the  port  of  entry  is 

.7804^" 

Therefore,  3.1416  db^  .7854  ^/'; 

or,  b  =  id.         (67.) 

This  formula  is  applied  when  there  is  but  one  port  of  entry„ 
When  there  are  two  ports  of  entry,  b  =  ^  d. 

Example. — What  should  be  the  width  of  blade  of  a  fan  which  is  to 
deliver  160,000  cu.  ft.  of  air  per  minute,  there  being  one  port  of  entry  ? 
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Solution. — Using  formula  66, 

//=  .0848  fleoiOOO  =  13.72  ft. 
Now,  applying  formula  67, 

d  =  iii  =  ix  13.72  =  8.48  ft.     Ans. 

Example. — If  100,000  cubic  feet  are  delivered  per  minute  and  there 
are  two  ports  of  entry,  what  should  be  the  diameter  of  each  port  of 
entry  and  the  width  of  the  blade  ? 

160  000 
Solution. —     g= — ^ — =80,000.     Using  formula  66, 


^=.0343  4/«0.000  =  9.7ft.    Ans. 
<5=:^^=:4.85ft.     Ans. 

The  area  of  the  port  of  discharge  in  an  ideal  fan  should 
not  be  less  than  .81  of  the  area  of  the  port  of  entry.  It  is 
true  that  few  fans  will  work  satisfactorily  when  this  port  is 
so  large,  but  such  fans  can  not  give  best  results,  because 
when  the  area  of  the  discharge  port  is  too  much  restricted, 
the  excessive  pressure  required  to  blow  out  the  air  is  much 
greater  than  it  should  be.  Again,  if  there  is  not  enough 
constriction  in  the  port  of  discharge,  there  is  bound  to  be 
excessive  vibration  of  the  air  in  the  fan,  necessitating  the 
employment  of  a  shutter.  Therefore,  .81  is  far  above  the 
average  proportion  in  many  fans,  but  it  is  an  ideal  that 
should  be  sought  for. 

Example. — The  area  of  the  port  of  entry  of  a  fan  is  equal  to  150  square 
feet,  and  the  area  of  the  port  of  discharge  is  .6  of  this  ;  then,  if  a  pres- 
sure of  1  pound  per  square  foot  is  required  to  blow  the  air  into  the 
fan,  what  pressure  will  be  required  to  blow  it  out  ? 

Solution. — The  pressures  for  blowing  in  and  blowing  out  are  in- 
versely proportional  to  the  squares  of  the  areas  ;  therefore, 

(l50  X  6/  ><  ^  =  ^•'^'^  ^^-  P®""  ^-  ^^'     ^^®' 

Example. — If  the  area  of  the  port  of  entry  of  a  ventilating  fan  is 
equal  to  150  square  feet,  and  the  area  of  the  port  of  discharge  is  equal 
to  .81  of  the  area  of  port  of  entry,  and  if  a  pressure  of  1  pound  per 
square  foot  is  required  to  blow  the  air  into  the  fan,  what  pressure  will 
be  required  to  blow  it  out  ? 
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Solution. — The  area  of  the  port  of  discharge  will  be  150  X  -81  = 
121.5  sqtiare  feet,  and  the  pressure  to  blow  the  air  out  of  the  fan  will  be 

/  150  \* 

(l^J  ^^^  1-52415  lb.  per  sq.  ft.     Ans. 

Example. — The  area  of  the  port  of  entry  of  a  ventilating  fan  is 
150  square  feet,  and  the  area  of  the  port  of  discharge  is  .5  of  the  area 
of  the  port  of  entry.  If  it  requires  1  pound  of  depression  to  blow  the 
air  in,  what  compression  will  be  required  to  blow  it  out  ? 

Solution. — The  area  of  the  port  of  discharge  will  be  150  x  .5  =  75 
square  feet,  and  the  pressure  to  blow  the  air  out  will,  therefore,  be 

( W)*  X  1  =  4  lb.  per  sq.  ft.     Ans. 


THE  MANOMETRIC  EFFICIENCY. 

1032.  Manometric  efficiency  is  that  percentage  of 
the  total  pressure  generated  by  a  ventilating  fan  that  is 
efficient  in  blowing  the  ventilating  current  through  a  mine. 
What  is  here  called  the  total  pressure  consists  of  three  addi- 
tive quantities: 

1.  The  mine  resistance  M  in  pounds  per  square  foot,  as 
measured  with  the  water-gauge. 

2.  The  depression  /  required  for  the  air  to  enter  a  fan. 

3.  The  pressure  O  required  to  blow  the  air  out  of  a  fan. 

Let  A  =  area  of  port  of  entry ; 

a  =  area  of  port  of  discharge ; 
C  =  manometric  efficiency. 

Then  the  pressure  O  is  given  by  the  following  formula : 

0  =  ^X1.  (68.) 

The  percentage  of  manometric  efficiency  C  is  found  by 

formula  67,  where 

100  M 

^  - 2T+T+~o-         ^^^-^ 

Example. — What  is  the  manometric  efficiency  of  a  ventilating  fan 
when  the  mine  resistance  is  2.5  inches  of  water-gauge,  the  depression 
at  the  port  of  entry  of  the  fan  is  2  pounds  per  square  foot,  the  area  of 
the  port  of  entry  is  100  square  feet,  and  the  area  of  the  port  of 
discharge  is  60  square  feet  ? 
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100* 
Solution.— By  formula  68,  O  =  -^^  x  2  =  5.555  lb. 

100  X  13 
Again,  by  formula  69,  C  =  ^ — .  >^   =  63  per  cent.    Ans. 

Example. — Required  the  percentage  of  useful  effect  or  manometric 
efficiency  of  a  ventilating  fan  when  the  mine  resistance  is  equal  to 
12  pounds  per  square  foot,  the  depression  required  for  blowing  air  into 
the  fan  is  equal  to  1  pound  per  square  foot,  and  the  compression  for 
blowing  the  air  out  is  equal  to  1.5  pounds  per  square  foot  ? 

Solution. — The  total  range  of  pressure  is: 

Mine  resistance 12.0  pounds. 

Blowing-in  pressure 1.0  pound. 

Blowing-out  pressure 1.5  pounds. 

Total 14.5  pounds. 

The  pressure  required  for  mine  resistance  alone  is  12  pounds;  there- 
fore, the  efficiency  of  the  fan,  in  so  far  as  the  ventilating  of  the  mine  is 

12 
concerned,  is  .-r-=-  X  100  =  82. 7586  per  cent.     Ans. 
14.0 

The  last  two  examples  are  given  to  show  the  importance 
of  making  the  ports  of  entry  and  discharge  sufficiently 
large  to  prevent  needless  waste  in  the  working  of  a  ventilating 
fan. 

Example. — The  mine  resistance  is  equal  to  10  pounds  per  square 
foot,  the  blowing-in  pressure  is  equal  to  2  pounds  j>er  square  foot,  and 
the  area  of  the  port  of  discharge  is  so  small  that  the  blowing-out 
pressure  is  8  pounds  per  square  foot ;  what  is  the  percentage  of  useful 
effect,  or  manometric  efficiency  of  the  fan  as  a  ventilator  ? 

Solution. — The  total  range  of  pressure  is  equal  to  the  following 

sum: 

Mine  resistance. 10  pounds. 

Blowing-in  pressure 2  pounds. 

Blowing-out  pressure 8  pounds. 

Total 20  pounds. 

Therefore,  the  efficiency  of  the  fan  as  a  ventilator  is  equal  to  ^Xl00= 
50  per  cent.     Ans. 

Example. — A  fan  is  Exhausting  from  a  mine  180,000  cubic  feet  of  air 
per  minute,  and  the  area  of  the  port  of  intake  is  60  square  feet;  what 
is  the  pressure  required  for  blowing  the  air  into  the  fan  ? 
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Solution. — First  find  the  mean  velocity  of  the  entering  air  in  feet 
per  second  as  follows: 

^,,  '  „^  =  50  feet  per  second ; 
60  X  60  ^ 

therefore,  by  formula  65,  the  required  pressure  is  (f§)*  =  7.716  lb.  per 
sq.  ft.     Ans. 

BXAMPL.B8  FOR  PRACTICE. 

1.  What  is  the  manometric  efficiency  of  a  fan  when  the  mine  resist- 
ance is  equal  to  15  pounds  per  square  foot,  the  blowing-in  pressure  is 
2  pounds  per  square  foot,  and  the  blowing-out  pressure  is  5  pounds  per 
square  foot  ?  Ans.  68.18  per  cent. 

2.  The  manometric  efficiency  of  a  fan  is  70  per  cent.,  and  the  mine 
resistance  is  3  inches  (tf  water-gauge ;  what  are  (a)  the  blowing-in  and 
(d)  the  blowing-out  pressures  when  the  area  of  the  port  of  discharge  is 
.6  of  the  area  of  the  port  of  entry  ?  .       j  (a)  1.7672  lb.  per  sq.  ft. 

'  I  (d)  4.918  lb.  per  sq.  ft. 


CENTRIFUGAL  FORCE. 

1033.  The  tendency  of  every  body  in  motion  is  to 
move  in  a  straight  line,  unless  the  body  is  acted  upon  by 
some  force  which  causes  it  to  deviate  from  the  straight  line. 
In  the  case  of  a  body  attached  to  a  string  and  moving  in  a 
circle,  the  deviating  force  is  the  pull  exerted  by  the  string, 
and  is  called  centripetal  force.  The  so-called  centrif- 
ugal force  is  that  force  which  is  equal  and  opposite  to  the 
centripetal  force ;  in  other  words,  it  is  a  reaction.  Centrifu- 
gal force  can  not  cause  motion ;  hence,  if  the  string  were 
cut,  the  centripetal  force  would  no  longer  act,  and  the  body, 
being  then  free  to  move,  would  start  off  in  the  direction  of  a 
straight  line  tangent  to  the  circle,  as  shown  by  the  line  eg 
in  {a).  Fig.  IGl.  Centrifugal  force  is  manifested  under  two 
conditions.  In  the  first  case  there  is  a  uniform  deflection 
and  a  uniform  velocity  with  a  constant  radius,  as,  for  in- 
stance, when  a  body  is  made  to  rotate  with  a  uniform 
velocity  at  the  outer  extremity  of  a  constant  radius.  The 
centrifugal  force  can  be  found  by  the  formula 


7U  7'" 


/=^-.  (70.) 
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in  which  w  =  weight  in  pounds ; 

V  =  velocity  in  feet  per  second ; 

R  =  radius  in  feet ; 

j^  =  acceleration  due  to  gravity,  or  32.16; 
and  /  =  force  in  i>ounds  pulling  the  body  towards  the 

center  of  its  revolution. 

This  is  a  case  like  that  in  which  a  pound  weight  might  be 
made  to  revolve  on  the  end  of  a  string,  and  should  the  string 
at  any  moment  be  cut,  the  weight  would  simply  move  off  in 
a  line  tangent  to  the  curve. 

In  the  second  case,  the  centrifugal  force,  the  velocity,  and 
the  radius  are  constantly  increased,  and  correspond  to  the 
centrifugal  force  developed  by  a  ventilating  fan,  which  de- 
velops a  velocity  outwards  from  the  center  of  revolution. 
To  explain  the  difference,  take  a  case  in  which  a  pound 
weight  is  made  to  revolve  within  a  tube  instead  of  being 
attached  to  the  end  of  a  string.  Now,  if  the  tube  moves 
with  the  same  speed  as  the  string,  the  pound  weight  will  • 
move  outwards  along  the  inside  of  the  tube.  The  velocity 
thus  acquired  will  cause  the  weight  to  move  in  a  path  situ- 
ated between  the  tangent  to  the  curve  and  the  prolonga- 
tion of  the  radius  at  the  point  of  disengagement,  instead 
of  in  a  path  tangential  to  the  curve  of  the  outer  circle. 
The  body  revolving  on  the  end  of  the  fixed  radius  has,  at  the 
moment  of  disengagement,  acquired  only  sufficient  centrif- 
ugal force  to  make  it  describe  a  path  tangential  to  its  circle ; 
whereas,  the  body  moving  through  the  tube  has,  in  addition 
to  the  centrifugal  force  of  the  former  body,  acquired  a  force 
due  to  an  increased  outward  acceleration. 

The  force  acquired  in  the  second  case  is  calculated  by  the 
formula 


/•/>•  /».9 


'^~  3.1416^'  ^^^•'' 

in  which  the  factors  are  the  same  as  in  formula  70,  except 
that  the  constant  3.1416  is  substituted  for  R, 

1034.     In    (a),    Fig.   161,  both  of  the  above  cases  are 
illustrated.     The  radius  of  the  circle  described  by  the  first 
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body  revolving  is  o  e^  or  o  A,  and  if  this  body  is  by  any 
means  disengaged,  as,  for  example,  by  the  breaking  of  a 
string,  at  the  instant  it  is  passing  the  point  e^  the  body  will 
reach  the  point  g  at  the  moment  it  should  have  arrived  at 
ky  having  moved  along  the  line  e  g^  which  is  tangent  to  the 
curve  e  h.  If,  however,  the  same  body  is  made  to  revolve 
in  a  tube  and  also  to  commence  its  outward  journey  at  the 
center  o^  by  the  time  it  reaches  e  it  will  have  acquired  a 
high  outward  velocity  that  the  fixed  body  can  not  possess. 
Therefore,  at  the  moment  of  disengagement  it  will  move  off 
in  the  path  e  f^  and  will  arrive  at /"in  as  short  a  time  as  the 


Pig.  161. 

first  body  will  require  to  reach  g.  The  result  is  that  the 
velocity  developed  by  a  continual  deflection  and  acceleration 
is  much  greater  in  amount  than  that  due  to  a  body  revolving 
with  a  uniform  velocity  on  the  outer  extremity  of  a  radius 
of  constant  length. 


DEFINITIONS    OF   TBRM8. 

1035*  The  centrifugal  force  developed  by  a  fan  is 
calculated  by  the  following  formula  : 

^      3.1416^'  ^^^'^ 

Before  giving  examples  that  involve  the  use  of  formula 
72,  the  meaning  and  use  of  its  factors  must  be  explained. 
For  example,  the  velocity  is  obtained  from  the  length  of  the 
radius  of  gyration,  and  this  is  obtained  by  adding  to  the 
radius  of  the  port  of  entry  a  fraction  of  the  radial  length  of 
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the  blades,  the  latter  being  found  by  multiplying  the  radial 
length  by  .  6.  The  radial  length  of  the  blades  is  found  by 
the  formula 

1=^^,  (73.) 

in  which  D  =  diameter  of  the  fan ; 

d  =  diameter  of  the  port  of  entry; 
and  /  =  radial  length  of  the  blades. 

Example. — The  diameter  of  a  fan  is  80  feet,  and  the  diameter  of  the 
port  of  entry  is  12  feet.     What  is  the  radial  length  of  the  blade  ? 

Solution. — By  formula  73,  the  radial  length  of  the  blades  is 
?^  =  9ft.    Ans. 

1036.  In  (^),  Fig.  1(31,  is  given  a  graphic  illustration 
of  the  terms  in  question.  For  example,  taking  o  as  .the 
center  of  a  fan,  c  is  situated  at  the  center  of  gyration,  and 
0  c  \%  the  radius  of  gyration.  As  o  h  is  the  radius  of  the 
port  of  entry,  o  h-\-  he  (or,  what  is  the  same  thing,  ^  //  -f- 
a  b  X  .  6)  is  equal  to  the  radius  of  gyration.  This  is  expressed 
by  the  formula 

^•  =  ^+•0/,  (74.) 

in  which  r  is  the  radius  of  gyration.  When  air  is  flowing 
along  the  blades  of  a  fan,  all  the  air  on  the  blades,  from  the 
periphery  of  the  port  of  entry  to  the  outer  periphery  of  the 
fan  itself,  is  subject  to  centrifugal  force,  and,  as  the  blades 
may  be  9  or  10  feet  long,  to  find  the  weight  of  air  subject  to 
centrifugal  force,  the  weight  of  a  cubic  foot  of  air  is  multi- 
plied by  /,  the  length  of  the  blades;  this  is  the  meaning  of 
the  expression  in  formula  72,  where  w  I  occurs  as  two  of 
the  factors. 

Now,  it  must  be  clear  that  the  velocity  of  the  moving  air 
at  b  is  much  less  than  it  is  at  ^^;  and,  therefore,  the  mean  of 
the  squares  of  the  velocities,  multiplied  by  the  weights, 
occurs  at  the  center  of  gyration  r,  for  a  stream  of  air  lies 
on  every  blade,  as  that  shown  at  d  e  g  f.  An  example  will 
make  this  clear  : 
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Example. — A  ventilating  fan  is  30  feet  in  diameter,  the  radial 
length  of  the  blades  is  9  feet,  and  the  length  of  the  radius  of  gyration 
is  11.4  feet;  (a)  what  is  the  mean  velocity  generating  centrifugal  force 
when  the  fan  is  making  50  revolutions  per  minute  ?  {d)  What  is  the 
total  pressure  produced  ?  (r)  What  is  the  quantity  of  air  passed  per 
minute  ? 

Solution. — The  velocity  generating  centrifugal  force  in  feet  per 

,      .,,  ,              ,^     11.4x2x8.1416x50      p.^  «a  *     *  a 

second  will  be  equal  to ^ =  59.69  feet  per  second, 

the  required  velocity.     From  this  velocity,  the  total  pressure  in  pounds 

per  square  foot  to  produce  the  two  depressions  already  noticed  and  the 

compression   for  blowing  out  can  be  found  by  formula  72.     In  the 

case  for  which  the  velocity  has  been  calculated,  the  length  of  the  blade 

is  9  feet;  if  the  average  weight  of  a  cubic  foot  of  air  is  taken  at  .076 

,      -  I      ^o      •  /•      .076X9X59.69*      ^.  ,,  , 

pound,    formula  72    gives  /=    3  uio  x  32  16    =^-^^  pounds  per 

square  foot.  Next,  suppose  that  the  mine  resistance  in  a  case  like  this 
is  equal  to  3  inches  of  water-gauge,  or  15.6  pounds  per  square  foot, 
and  the  depression  within  the  fan  is  4  pounds  per  square  foot  below 
that  in  the  fan  drift,  and  that  the  pressure  per  square  foot  for  blowing 
out  is  4.51  pounds  above  the  atmosphere.  These  figures  yield  the  fac- 
tors for  calculating  the  quantity  of  air  that  this  fan  is  exhaustingjout 
of  the  mine  in  cubic  feet  per  minute.  By  formula  64,  r/  =  18  ^p  = 
18  X  V^  4  =  36  feet  per  second,  the  mean  velocity  of  the  air  entering  the 
fan.  Next,  the  port  of  entry,  which  is  circular,  is  30  —  2  /,  or  30  —  18  = 
12  feet  in  diameter,  and  its  area  is  12«  x  .7854  =  113.0976  square  feet. 
86  is  the  mean  velocity  in  feet  per  second,  and,  therefore,  86  X  60  = 
2,160,  the  velocity  in  feet  per  minute.  If  the  area  found  be  multiplied 
by  the  mean  velocity  in  feet  per  minute,  the  result  will  be  the  quantity 
of  air  exhausted  by  the  fan  in  cubic  feet  per  minute,  as  113.0976  X 
2,160  =  244,290.8  cubic  feet  of  air  per  minute.     Ans. 

Example. — A  ventilating  fan  is  28  feet  in  diameter,  and  the  diam- 
eter of  the  port  of  entry  is  10  feet ;  what  is  the  radial,  length  of  the 
blades  ? 

Solution. — By  formula  73, 
/  =  — s —  J  then,  — 2 —  =  ^  ^^®t»  th®  radial  length  of  the  blades.    Ans. 

Example. — A  ventilating  fan  is  28  feet  in  diameter,  and  the  orifice 
of  entry  is  10  feet  in  diameter ;  what  is  the  length  of  the  radius  of 
gyration  ? 

Solution. — By  formula  74, 

r  =  2-  +  .6x/; 
or,         r  =  -V  +  (.6  X  9)  =10.4  ft.,  the  radius  of  gyration.     Ans. 
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Example.— The  radius  of  gyration  for  a  ventilating  fan  is  ©.5  feet, 
and  the'length  of  blade  is  7.5  feet;  the  diameter  of  the  orifice  of  entry 
is  10  feet;  the  angular  velocity  is  50  revolutions  per  minute;  what  is 
the  total  range  of  the  fan's  ventilating  pressure  ? 

m..        ,     .                       J  .            1  .    9.5x2x8.1416x50 
Solution. — The  velocity  per  second  is  equal  to ^^r = 

49.742  feet;  then,  by  formula  72, 

wlv^     _. 076X7.5X49:742^ 
•^""3.1416  j^'^  ~       3.1416X32.16       ~  i»-w  id.. 

the  total  ventilating  pressure.     Ans. 

1037.  The  Center  of  Gyration.— The  calculations 
thus  far  given  are  based  on  the  assumption  that  the  blades 
of  the  fan  lie  longitudinally  in  radial  lines,  but  in  many 
cases  this  does  not  occur.  Therefore,  it  is  necessary  to  be 
able  to  make  the  expressions  adaptable  for  fans  in  which 
blades  make  different  angles  with  the  radii.  Now,  when  the 
blade  makes  an  angle  with  the  radius,  its  efficient  length  is 
practically  shortened  in  the  proportion  of  the  cosine  of  the 
angle.  For  example,  suppose  a  blade  makes  an  angle  of  45° 
with  the  radius  projected  from  the  circumference  of  the 
port  of  entry ;  then  the  efficient  length  of  the  blade  is  only 
.7  of  its  actual  length,  as  shown  in  Fig.  162,  in  which  A  B 

is  the  radius,  CD  the  actual  length  of  the 
blade,  and  C  B  the  efficient  length  of  the 
blade.  Again,  when  the  blades  make  an 
angle  with  the  radii,  the  efficient  angular 
velocity,  that  is,  the  number  of  revolu- 
tions, is  practically  reduced  in  the  propor- 
tion of  the  cosine  of  the  angle  which  the 
Pig.  162.  blades  make  with  the  radii.      For,    sup- 

pose a  case  in  which  the  fan  is  making  50  revolutions  per 
minute.  The  50  would  be  reduced  by  the  cosine  of  the 
angle,  because  where  the  blades  decline  from  the  radii, 
the  relative  efficiency  of  the  velocity  is  only  for  an  angle  of 
45°,  which  is  equal  to  50  X  .7  =  35  revolutions  per  minute. 
To  make  this  allowance,  the  expressions  may  be  simplified 
by  multiplying  the  number  of  revolutions  by  the  square  of 
the  cosine ;  formula  72  thus  becomes 
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^_wlv'  (cosa)*  . 

•^"      3.1416^     '  ^^^-^ 

in  which  ^  =  angle  the  blades  make  with  the  radii  in  every 

case; 
/"=  total  pressure  per  square  foot; 
V  =  velocity  of  the  center  of  gyration  in  feet  per 

second ; 
/  =  actual  length  of  the  fan  blades ; 
w  =  weight  of  a  cubic  foot  of  air,  or  .076; 
g=  acceleration  due  to  gravity,  or  32.16; 
and  3.1416  =  a  constant. 

If,  for  example,  the  blades  of  a  fan  are  each  8  feet  long, 
and  are  so  set  as  to  make  an  angle  of  30°  with  the  radii,  and 
the  velocity  of  the  center  of  gyration  is  60  feet  per  second, 
the  total  pressure,  by  use  of  formula  75,  is  calculated  as 
follows : 

^      3,600  X  .076  X  8  X  .86603*       ^^  oi.  lu     .  .  i 

^= 3:i4i(rx~32T6 —  =  ^^-^^  ^^-  ^^'^^  P""^'"""^- 

1038*  The  importance  of  being  able  to  calculate  the 
mean  velocity  of  a  current  of  air  flowing  outwards  along  the 
blades  of  a  fan  can  not  be  overlooked,  because,  when  this 
velocity  is  not  known,  the  formula  adopted  only  secures  a 
rough  approximation  of  what  a  ventilating  fan  is  capable  of 
doing.  To  understand  the  matter,  the  student  must  first 
have  clear  views  concerning  how  air  moves  in  its  passage 
through  a  fan,  and  the  best  way  of  obtaining  this  is  to  con- 
sider in  order  the  three  components  of  the  resultant  motion. 

1039«  First. — The  angular  velocity  is  that  due  to  the 
revolution  of  the  fan.  As  all  the  particles  in  a  current  of 
air  flowing  along  the  blades  of  a  fan  make  a  revolution 
round  the  common  center  of  motion  in  the  same  time,  it  is 
necessary  to  explain  how  the  angular  velocity  affects  the 
sum  of  the  work  of  a  fan.  Angular  velocity  means  the 
same  thing  as  revolutions  per  minute  or  per  second,  for  the 
angular  velocity  increases  or  decreases  directly  as  the  num- 
ber of  revolutions  increases  or  decreases. 
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1040.  Second, — While  all  the  particles  of  air  within  a 
fan  have  the  same  angular  velocity,  the  linear  velocities 

are  directly  proportional  to 
their  radial  distances  from 
the  center  of  motion;  for 
example,  all  the  particles 
marked  6\  7,  .V,  r>,  10^  11,  12, 
in  the  upper  portion  of  Fig. 
1()3,  have  the  same  angu- 
■  lar   velocity ;  that  is,    they 

_  all  make  one  revolution  in 
the  same  time,  but  their 
linear  velocities  are  differ- 
ent, for  they  are  all  descri- 
bing circles  of  different 
lengths.     The  linear  veloci- 

\  ty  o(6  is  proportional  to  the 
length  of  the  arc  a  b.  The 
linear  velocity  of  12  is  pro- 
portional to  the  length  of 
the  arc  ;// ;/,  and  the  same 
relationship  holds  true  with 
^^^-  ^^-  all  the  other  numbers. 


1041.  Third. — What  is  called  radial  motion  is  the  flow 
of  the  stream  of  air  along  the  blades  of  a  fan.  There  are 
many  mistaken  ideas  in  regard  to  this  motion.  For  ex- 
ample, the  common  idea  is  that  the  currents  of  air  entering 
a  fan  diffuse  between  the  diverging  blades,  and,  therefore, 
the  velocity  reduces  as  the  divergence  increases.  A  little 
consideration,  however,  shows  the  error  of  this  conclusion. 
The  air-currents,  as  a  whole,  flow  through  a  fan  with  an  un- 
varying velocity,  for  the  weight  of  the  air  leaving  a  fan 
can  never  exceed  the  weight  of  the  air  entering  it,  but  the 
particles  making  up  the  currents  have  different  velocities  in 
the  direction  of  the  fan's  motion.  Again,  the  increasing 
effect  of  the  centrifugal  force,  as  the  stream  advances  to  the 
circumference  of  the  fan,  tends  more  and  more  to  prevent 
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any  increase  in  the  depth  of  the  flow;  indeed,  it  tends  rather 
to  reduce  it.  This  is  fully  proved  on  watching  the  contrac- 
tion that  takes  place  in  a  river  where  it  contracts  its  flow 
as  the  result  of  the  effect  of  the  centrifugal  force  that  is 
generated  by  a  bend  in  the  channel.  The  flow  of  the  air  is 
such  as  indicated  by  the  arrows  along  the  blade  of  the  fan, 
as  seen  in  the  lower  portion  of  Fig.  Hi.l.  The  fan  is  sup- 
posed to  be  turning  in  the  direction  of  the  hands  of  a  watch, 
and  the  inner  circular  space  within  the  fan  blade  is  the  port 
of  entry,  or  the  orifice  by  which  all  air  enters  a  fan, 

1042.  The  Evase  Clilmney.— Fig.  104  is  an  illustra- 
tion of  four  important  points.  The  first  is  the  fan  drift 
illustrated  by  the 
round  tube  /;  the  sec- 
ond is  the  fan-drift 
depression,  as  shown 
by  the  water-gauge /); 
the  third  is  the  water- 
gauge  C,  that  shows 
the  depression  that  oc- 
curs within  the  fan; 
and  the  fourth  is  the 
greater  pressure  or 
compression  of  the  air 

at  discharge,  as  shown  vm.  \m. 

by  the  water-gauge  P.  These  points  have  all  been  ex- 
plained. E  is  the  evase  chimney  used  to  reduce  the  amount 
of  waste  that  occurs  in  blowing  air  out  of  a  fan  into  the 
external  atmosphere.  In  the  case  of  the  Guibal  fan,  for 
instance,  where  the  orifice  of  entry  is  relatively  small  and 
the  velocity  of  discharge  is  relatively  high,  if  something  is 
not  done  to  reduce  the  high  velocity,  the  blast  of  air  striking 
the  comparatively  still  air  of  the  atmosphere  causes  a  re- 
bound that  produces  great  resistance.  The  evase  chimney 
is  used  to  reduce  this  needless  loss  of  energy  in  the  dis- 
charged air.  To  show  the  efficiency  of  an  evase  chimney, 
assume  the  orifice  of  discharge  from  the  casing  to  the  chimney 
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to  be  equal  to  50  square  feet,  and  the  area  of  the  top  of 
the  evase  chimney  to  be  equal  to  200  square  feet.  Now,  the 
velocity  of  discharge  at  the  top  of  the  evase  chimney  will 
only  be  one-fourth  of  the  velocity  of  the  air  blowing  through 
the  orifice  of  discharge  of  the  fan,  and  as  the  resistances 
that  arise  when  air  at  a  high  velocity  strikes  still  air  are 
proportionate  to  the  squares  of  the  velocities,  the  resistance 
due  to  the  air  leaving  the  top  of  the  evase  chimney  is  to 
the  resistance  of  the  higher  velocity  as  50'  is  to  200'  or  as  1 
is  to  16.  

EXAMPLES  FOR  PRACTICE. 

1.  What  is  the  centrifugal  force  in  pounds  due  to  a  5-pound  weight 
revolving  on  the  end  of  a  rigid  radius  under  the  following  conditions  : 
Length  of  radius,  6  feet ;  number  of  revolutions  per  second,  10  ? 

Ans.  3.682.71b. 

2.  What  is  the  pressure  per  square  foot  due  to  a  stream  of  water 
flowing  through  a  pipe  that  is  rotating  on  one  of  its  ends,  the  length 
of  the  pipe  being  5  feet  and  making  2  revolutions  j>er  second  ? 

Ans.  4,395.9  lb.  pressure  per  sq.  ft. 
8.     A  ventilating  fan  is  25  feet  in  diameter,  and  the  port  of  entry  is 
10  feet  in  diameter.     What  is  the  radial  length  of  the  blades  ? 

Ans.  7.5  ft* 

4.  A  fan  is  25  feet  in  diameter,  and  the  diameter  of  the  port  of 
entry  is  10  feet.     What  is  the  length  of  the  radius  of  gyration  ? 

Ans.  9.5  ft. 

5.  A  ventilating  fan  is  25  feet  in  diameter,  the  port  of  entry  is 
10  feet  in  diameter,  and  the  radius  of  gyration  is  9.5  feet.  What 
is  the  velocity  in  feet  per  second  of  the  center  of  gyration  when  the 
fan  makes  45  revolutions  per  minute  ?  Ans.  44.7678  ft.  per  sec. 

6.  The  velocity  of  the  center  of  gyration  of  a  ventilating  fan  is 
44.7678  feet  per  second,  and  the  radial  length  of  the  blades  is  7.5  feet. 
What  is  the  total  pressure  generated  by  the  fan  to  overcome  the  mine 
resistance,  and  to  set  the  air  in  motion  into  and  out  of  itself  ? 

Ans.  11.3032  lb.  per  sq.  ft 

TYPES  OF  FANS. 

1043.  Centrifugal  fans  are  used  for  blowing  and  ex- 
hausting. Exhausting  fans  are  in  most  general  use,  though 
there  are  many  advocates  and  users  of  the  blowing-fan.  So 
far  as  mechanical  efficiency  is  concerned,  exhaust-fans  and 
blowing-fans  are  practically  equal. 
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The  general  principles  of  each  are  the  same,  except  in 
reverse  order.  The  exhaust-fan  draws  from  the  mine  and 
discharges  into  the  outer  atmosphere,  while  the  blowing- 
fan  draws  from  the  outer  atmosphere  and  discharges  into 
the  mine. 

1044.  Prominent  Types  of  Fans. — The  most 
prominent  types  of  centrifugal  ventilators  now  in  use  in 
mining  countries  are  four  in  number,  the  principal  repre- 
sentatives of  which  are  {a)  Waddle,  {b)  Sckiele,  (r)  Guibal, 
[d)  Capell.  These  four  will  be  described  as  representing 
the  main  features  of  all  other  forms,  which  are  modifications 
of  these  original  types. 

1045.  The  WTaddle  Fan. — The  characteristic  features 
of  the  Waddle  Isxi.,  Fig.  105,  are  the  ciiri'aiures  of  its  blades — 
backwards  from  the  ^BV 
direction  of  their  H^« 
motion;  their  taper-  ^^ 
ed  form,  tapering 
towards  the  circum- 
ference, and  the 
tight  box  sides, 
which  revolve  with 
the  blades.  The 
blades  leave  the  or- 
ifice of  intake  radi- 
ally, but  curve  back- 
wards from  the 
direction  of  their 
motion  till  they  are 
almost  tangential  at 
the  circumference. 
The  blades  are  so 
tapered  from  the 
orifice  of  intake  to 
the  circumference 
that  the  breadths 
of    the    blades    at 
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different  di;;taiices  from  the  center  of  the  fan-wheel  vary  in- 
versely as  the  radial  lengths  of  the  points  at  which  the 
breadths  are  measured. 

1046.  The  Schlele  fan.  Fig.  KiO,  very  much  resem- 
bles  the  Guibal  fan  1:1  its  mode  of  action,  although  its  con- 
struction is  in  some  important  respeotsquite  different.  In  the 
Schiele  fan  a  disk  takes  the  place  of  the  spider  wheel  in  the 
Guibal  fan,  and  this  makes  necessary  the  duplication  of  the 
blades,  for  they  are  attached  on  opposite  sides  of  the  disk. 
The  disk  makes  a  complete  partition  within  the  fan, and, there- 
fore, the  supply  of  air  to  the  blades  must  come  from  two 
ports  of  entry,  one  for  each  set  of  blades.     The  Schiele  fan 


is  a  fast-running  one,  and,  therefore,  to  do  the  same  amount 
of  work  its  diameter  is  only  about  one-third  that  of  a  Guibal 
fan  of  the  same  capacity.  By  reference  to  the  figure,  it  will 
be  seen  that  this  fan  is  set  within  a  spiral  casing  surrounding 
the  circumference  and  leading  to  an  expanding  or  evase 
chimney.  The  student  must  notice  carefully  the  effect  of 
the  spiral  casing  surroimding  the  circumference  of  the 
Schiele  fan,  as  it  is  a  most  important  factor  in  fan  construc- 
tion.    It   provides   a   uniformly   increasing' sectional   area 
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about  the  fan,  to  accommodate  the  flow  from  each  compart- 
ment.    The  velocity  of  the  air  is  thus  made  uniform  all 
around  the  circumference,  and  each  compartment  furnishes 
its  proportion  of  ^ir  in  a  continuous  flow.     In  exhausting, 
the  discharge  from  the  casing  is  conducted  to  the  expanding 
chimney,  where  its  velocity  is  much   reduced,   before  it  is 
finally    thrown    out    upon    the 
atmosphere.     In  force  or  blow- 
er  fans,  the  expanding   casing 
should   connect  with   the  mine 
passages  by  a  uniformly  expand- 
ing fan  drift. 

1047.  The  Guibal  Pan. 

— This   fan   revolves   within    a  ^"*-  ^'''■ 

closed  case  and  delivers  its  air  into  an  involute  chamber, 
which  gradually  expands  into  the  evase  chimney.  The  fa« 
is  illustrated  by  Fig.  167. 

1048.  Tbe    Cap«ll    Pan This   fan    is  constructed 

somewhat  after  the 
type  of  the  Guibal 
fan,   with  consider- 
able  additions   and 
improvements,  such 
as  is  illustrated  by 
g.    1158.     All   the 
centrifugal  fans   in 
s,  however,    may 
be  put   into    two 
■oups;    namely, 
ised     and     open 
^fans.       Among 
!  those  just  noticed, 
•''<'■'*■  the   Waddle    is    an 

open  fan;  the  Schiele,  the  Guibal,  and  the  Capell  are  closed 
fans. 
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PRACTICAL  VENTILATION. 


QUANTITY,    VELOCITY,    AND    CONDUCTION    OF 

AIR. 

1049.  Use  of  the  Air-Current. — The  necessity  for 
the  air-current  in  mines  is  threefold,  viz:  (1)  to  furnish  fresh 
air  to  the  men  and  animals  in  the  mine;  (2)  to  sufficiently 
dilute  and  render  harmless  the  poisonous  and  explosive  gases 
of  the  workings;  (3)  to  remove  these  by  sweeping  them  from 
their  lodging  places  or  the  cavities  in  which  they  are  lodged, 

1050.  Efficient  Ventilation.  —  The  efficient  or 
thorough  ventilation  of  a  mine  is  dependent  upon  three 
essential  elements: 

{a)  Volume  of  the  current. 

(6)  Velocity  of  the  current. 

(c)  Manner  of  conducting  the  current. 

1051.  Volume  of  Air  Required. — The  quantity  of 
air  required  to  be  furnished  per  minute  to  the  workings  of  a 
mine  is  usually  fixed  by  the  law  of  the  state  or  country  in 
which  the  mine  is  located.  The  amount  specified  is  usually 
100  cubic  feet  per  minute  per  man,  and  500  cubic  feet  per 
minute  per  mule,  in  non-gaseous  mines.  In  gaseous  mines 
this  amount  is  increased  to  150  cubic  feet  per  man,  and,  in 
some  cases,  as  in  the  anthracite  mines  of  Pennsylvania,  200 
cubic  feet  per  minute  are  required  by  law.  This  method  of 
fixing  the  amount  of  air  required  is  purely  arbitrary,  and 
often  not  adapted  to  the  existing  conditions,  as  the  workings 
in  a  thin  seam  will  have  an  abundance  of  air  and,  perhaps, 
too  high  a  velocity,  while  in  a  thicker  seam  the  velocity  will 
be  too  low  for  proper  ventilation. 

1052.  Velocity  of  the  Current. — This  is  a  very 
important  factor  in  the  ventilation  of  a  mine,  as  upon  it 
largely  depends  the  removal  of  the  mine  gases.  A  body  of 
firedamp  or  of  marsh-gas  which  is  exuding  or  has  collected 
in  some  cavity  of  the  roof,  or  at  the  face  of  some  rise  head- 
ing, will  require  a  current  having  a  certain  velocity  to  dilute 
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it  and  drive  it  from  its  position.  In  like  manner,  the  heavier 
gases,  as  carbonic  acid  gas,  settling  towards  the  dip  work- 
ings and  low  places  of  the  pit,  can  not  be  carried  out  if  the 
velocity  of  the  current  is  too  low.  The  current  velocity 
should  not  be  permitted  to  fall  below  3  or  4  feet  per  second 
at  any  working  face. 

1053.  On  the  other  hand,  too  high  a  velocity  of  the 
ventilating  current  is  always  objectionable,  and,  in  gaseous 
mines,  dangerous.  The  Anthracite  Mine  Law  of  Pennsyl- 
vania provides  that  all  air-passages  shall  be  of  a  sufficient 
area  to  allow  the  passing  of  200  cubic  feet  of  air  per  man 
per  minute  at  a  velocity  not  exceeding  450  feet  per  minute; 
and  this  velocity  may  be  taken  as  a  safe  maximum  limit  in 
gaseous  mines.  It  must  be  remembered  that  a  safety-lamp 
carried  against  a  current  is  virtually  subjected  to  a  velocity 
equal  to  that  of  the  current  plus  the  velocity  with  which  the 
lamp  is  carried  against  the  current.  In  non-gaseous  mines, 
the  velocity  of  the  main  intake  may  be  anywhere  from  10 
to  20  feet  per  second  without  causing  serious  annoyance. 
In  many  cases  it  exceeds  this  amount.  It  should  not  fall 
below  3  or  4  feet'  per  second  in  any  airway  in  the  mine. 

1054.  Conducting:  tbe  Current. — The  thorough 
ventilation  of  the  working  face  in  any  mine  is  dependent  to 
a  large  extent  upon  the  manner  in  which  the  doors,  stop- 
pings, brattices,  and  overcasts,  or  bridges,  are  erected. 
These  must  not  leak.  Doors  must  be  hung  with  a  fall  suf- 
ficient to  close  behind  a  passing  car,  and  must  be  fitted 
tightly  to  a  substantial  frame.  Where  the  ventilating  pres- 
sure is  light,  a  door  is  sometimes  hung  to  swing  both  ways, 
to  save  trapping.  Ordinarily,  however,  this  can  not  be 
done,  and  the  door  must  then  be  hung  to  open  against  the 
current.  Canvas  flaps  are  sometimes  nailed  to  the  bottom 
of  a  door  to  prevent  leakage  and  allow  of  good  clearance. 
Double  doors  are  often  used  in  cross-cuts  near  the  shaft  bot- 
tom between  the  main  airway  and  the  return.  The  object 
of  double  doors  is  to  prevent  the  momentary  stoppage  of 
the  ventilating  current  when  a  car  is  passing  through  the 
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cross-cut.  The  doors  are  set  from  6  to  8  yards  apart,  or  far- 
ther, if  the  length  of  the  cross-cut  will  permit.  8topplnfE» 
are  commonly  built  of  a  double  wall  of  slate,  with  a  few  inches 
of  space  between.  This  space  is  filled  completely  to  the  roof 
with  fine  sand  or  clay  from  the  surface,  or  with  dirt  taken 
from  the  roads.  Stoppings  upon  the  main  air-courses  of 
large  mines  are  often  plastered  with  clay,  or  laid  up  with 
brick  instead  of  slate  walls.  Brattices  are  partitions,  usu- 
ally of  wood  or  canvas  (brattice-cloth),  fur  the  purpose  of 
dividing  the  airway  for  a  short  distance  near  the  face  into 
an  intake  and  a  return.  A  curtain  is  a  heavy  canvas  hung 
across  an  airway  or  the  mouth  of  a  room  to  partially  turn 
the  air.  A  curtain  serves  as  a  regulator,  inasmuch  as  it  per- 
mits a  portion  of  the  air-current  to  pass  it,  while  the  remain- 
ing portion  is  forced  into  another  pas.<!ageway. 

1055>     Reffulatori*  are  contrivances  for  regulating  the 
division  of  the  air  between  two  or  more  airways.     The  usual 
form  of  regulator  is  shown  in   Fig.  14T,  and  consists  of  a 
wooden  brattice  built  across  the  airway  and  having  an  open- 
ing provided  with  a  shutter,  by  which  the  size  of  the  opening 
may  be  increased  or  decreased,  and  thus  any  desired  divi- 
sion of  the  air  secured.     Bridiccs  are  built  in  airways  fur 
the  purpose  of  crossing  the  air-currents.     A  bridge  may  be 
an  overcast,  as  shown  in  Fig.  169,  in  which  C  is  the  coal- 
seam,  C  is  the  main  air- 
way, and  R  is  an  over- 
cast cut  out  of  the  roof 
for  the  purpose  of  con- 
ducting a  current  of  air 
over  or  under  another 
current.     If  the  cross- 
current    is     conducted 
under  the  main  airway, 
it  is  called  an  under- 
cast.     In  this  case  the 
Pig.  '•»■  bTJiige  forms  the   floor 

of  the  main  airway  and  the  roof  of  the  cross-cut.     Thedis- 
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advantages  of  the  undercast  are:  (1)  water  is  apt  to  close 
the  passage;  (2)  the  bridge  is  more  difficult  to  keep  air- 
tight, being  subject  to  travel  of  mules  and  cars;  (3)  if  the 
cross-current  is  the  intake,  the  air  is  made  unwholesome  by 
the  dust  of  travel  being  sifted  down  through  the  bridge 
floor.  The  bridge  floor  is  usually  made  by  laying  a  double 
thickness  of  plank  upon  cross-stringers  of  railroad  iron  or 
oak,  and  covering  the  whole  with  dirt  from  the  roadways. 

1056.     Fig.  ITO  is  an  illustration  of  the  practical  ar- 
rangement of  stoppings,  brattices,  and  curtains.     A  B  are  a 


pair  of  entries  which  struck  a  roll.  The  entry  A  was  aban- 
doned for  the  time,  and  B  was  driven  ahead  as  a  fore-win- 
ning or  prospect  entry.  For  this  purpose  a  temporary 
brattice  was  erected  from  the  outside  rib  of  the  last  cross- 
cut at  A,  towards  the  face  of  the  entry  B,  by  setting  a  row 
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of  props  two  feet  from  the  rib  of  the  entry,  and  nailing 
brattice-cloth  or  light  boards  to  them.  The  air-current  is 
then  forced  to  travel  towards  the  face  before  it  can  return 
to  the  cross-cut  behind  the  brattice.  An  entry  stopping 
and  room  stoppings  are  shown  at  s,  s,  s.  Curtains  are  hung 
at  the  mouths  of  all  the  rooms,  except  the  outside  and  inside 
ones,  which  are  left  open.  A  curtain  or  a  door  is  then  hung 
upon  the  entry  at  D,  just  inside  the  mouth  of  the  first  room, 
which  deflects  the  current  into  the  face  of  the  rooms.  A 
curtain  at  D  will  usually  accomplish  this,  but  if  the  room 
workings  are  extensive,  a  door  should  be  used  and  an  open- 
ing left  in  it,  or  at  one  side  of  it,  sufficient  for  the  ventila- 
tion of  the  portion  of  entry  thus  cut  off  from  the  current. 
This  example  will  serve  to  illustrate  a  practical  method  of 
conducting  a  current  of  air  through  a  mine.  It  is  sometimes 
necessary  to  deflect  the  current  so  that  it  will  sweep  a  par- 
ticular cavity  of  the  roof  or  point  of  the  entry,  where  a 
dangerous  body  of  gas  would  otherwise  collect.  Wherever 
this  is  necessary,  attention  must  be  given  to  it,  as  no  system 
of  ventilation  will  be  efficient  unless  the  air  is  made  to  brush 
the  gas  from  all  of  its  lodging  places.  The  volume  of  the 
current  may  be  sufficient,  and  it  may  travel  at  the  required 
velocity^  yet  the  ventilation  of  the  working  places  will  be 
poor,  unless  the  air  is  properly  conducted  and  sweeps  the 
entire  face  and  roof. 


INSTRUMENTS. 


INSTRUMBNTS   FOR   MBA8URING   THB   RB8ISTAIVCB   OF 

AIRWAYS. 

1057.  The  instruments  for  measuring  the  resistance  of 
air  are : 

{a)  Pressure, — ^Water-gauge  and  manometer. 

{b)   Velocity, — Anemometer. 

The  student  has  learned  that  the  intake  pressure  of  an 
airway  is  always  greater  than  the  return  pressure.  The 
difference  of  pressure  is  measured  usually  by  means  of  a 
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water-column  in  one  arm  of  a  bent  glass  tube.     This  instru- 
ment is  called  a  water- Kauge. 

10S8.     The    Water-Gauare.  — Fig. 

171  shows  the  usual  form  of  water-gauge 
in  use  in  the  mines.  The  scale  is  divided 
into  inches  and  decimals  of  an  inch  and  is 
movable,  in  order  that  its  zero  can  be  ad- 
justed to  the  lower  water-level  by  means 
of  the  thumb-screw  below.  The  tube  is 
bent  into  the  form  of  a  letter  U,  both 
arms  being  open  at  the  top  to  the  free  ad- 
mission of  air.  The  left-hand  arm  at  the 
top,  however,  is  cemented  into  a  brass 
tube  which  makes  a  square  bend,  passing 
through  the  wooden  base  to  which  it  is 
secured,  so  that  the  open  tube  can  be  con- 
nected with  the  opposite  air-current  to 
measure  the  difference  in  pressure. 

Fig.  173  shows  the  water-gauge  in  po- 
sition upon  a  mine  door  or  brattice,  in  a 
cross-cut  between  the  intake  and  return 
_  airways.     C  is  the  intake  and  D  the  re- 

FiG,  171.  turn  of  the  mine.     One  of  the  open  ends 

of  the  gauge-tube  A  is  thus  subject  to  the  intake  pressure, 
while  the  other  end  is  acted  upon  by  the  return  pressure. 


These  pressures  being  unequal,  their  difference  will  be  equal 
to  the  weight  of  water  which  is  unbalanced  in  the  gauge. 
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When  the  pressure  of  the  air  upon  each  end  of  the  gauge  is 
equal,  the  water  will  stand  at  the  same  height  in  each  arm; 
if,  now,  the  pressure  be  increased  upon  one  end,  the  level  of 
the  water  in  that  arm  will  sink,  while  it  rises  in  the  other  an 
equal  amount.  Suppose  that  the  intake  pressure  over  that 
of  the  return  is  sufficient  to  cause  the  water-level  to  sink 
1  inch  in  the  arm  open  to  the  intake.  The  level  of  the  water 
in  the  other  arm  will  rise  1  inch.  Now,  by  moving  the  scale 
until  its  zero  corresponds  exactly  with  the  lower  water-level, 
the  reading  of  the  upper  level  will  be  2  inches.  This  will 
represent  2  inches  of  water-column,  balanced  only  by  the 
ventilating  pressure  of  the  mine. 

1059.  To  calculate  the  pressure  per  square  foot  of  area 

which  supports  this  water-column:     The  weight  of  1  cubic 

foot  of  water  (62.5  pounds)  corresponds  to  a  pressure  of 

G2.5  pounds  per  square  foot  for  12  inches  of  water-column; 

and  1  inch  of  water-column  or  water-gauge  will,  therefore,  be 

62  5 
equivalent  to  -— r-  =  5.2  pounds  pressure  per  square  foot. 

12 

Hence,  to  calculate  the  pressure  /  in  pounds  per  square 

foot  of  sectional  area,  when  the  water-gauge  IV  is  given  in 

inches,  the  formula/  =  5.2  IF  is  used. 

That  is,  ^Ae  unit  of  ventilating  pressure  or  the  pressure 

upon  each  square  foot  of  the  sectional  area  of  an  airway^  in 

pounds^  is  5.2  times  the  reading  of  the  water-gauge  in  inches. 

1060.  The  reading  of  the  water-gauge  must  always  be 
taken  between  the  intake  and  the  return  current,  and  as  near 
the  mouth  of  the  return  current  as  possible,  in  order  that  it 
shall  express  the  full  resistance  of  the  mine. 

1061.  The  Anemometer. — This  is  a  wind-gauge  for 
measuring  the  velocity  of  a  current  in  an  airway  by  timing 
the  revolutions  of  the  vanes.  Fig.  173  shows  the  most  re- 
liable form  of  anemometer,  yi  is  a  wind-wheel  whose  revo- 
lutions are  indicated  by  the  registering  dials  at  B,  These 
dial-hands  are  so  geared  to  one  another  and  to  the  spindle,  or 
axle,  of  the  vane,  that  the  divisions  upon  each  dial  represent 
10  revolutions  of  the  next  preceding  dial-hand,  and  each 
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division  of  the  large  circle  corresponds  to  1  revolution  of  the 
vane.  There  are  100  divisions  in  the  large  circle;  and, 
therefort,  1  revolution  of  the  large  hand  denotes  100  revolu- 
tions of  the  vane.     One  revolution  of  the  dial-hand  c  denotes 


10  revolutions  of  the  large  hand  B,  or  1,000  revolutions  of 
the  vane.  Thus,  the  dials  in  Fig.  173  register  2,118  revolu- 
tions of  the  vane.  ■ 

1062.  The  vanes  are  inclined  at  such  an  angle  that  1 
revolution  of  the  vane  corresponds  to  1  foot  of  travel  of  the 
air  in  the  airway.  There  is  a  disconnecting  device  shown 
near  the  handle  by  which  the  registering  dials  can  be 
instantly  thrown  out  of  gear,  which  makes  it  possible  for  the 
operator  to  take  more  accurate  readings  One  important 
point  to  be  borne  in  mind,  in  taking  careful  measurements 
of  the  current  passing  in  an  airway,  is  that  the  velocity  is 
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BOt  the  same  in  all  parts  of  the  passage.  The  friction  of 
the  current  upon  the  sides  and  top  and  bottom  of  the  air- 
way retards  the  air  nearest  to  these  surfaces.  As  a  conse- 
quence, the  air  rolls,  as  it  were,  in  whirling  circles  upon 
these  surfaces.  The  velocity  of  the  current  is,  therefore, 
greatest  at  the  center  of  the  passageway  and  least  in  the 
corners. 


1063.  In  Fig.  174  is  illustrated  a  common  method  of 
obtaining  a  fair  average  reading  for  the  entire  area  of  the 
entry.  The  passageway 
is  divided  into  9  equal 
squares  by  the  imagi- 
nary vertical  and  hori- 
zontal 1  ines  aa,aa,  etc. 
The  anemometer  is  held 
,  in  each  of  the  outer 
squares  for  the  same 
length  of  time;  say  15 
seconds,  moving  it  from 
one  to  another  in  regu- 
lar succession,  and  is 
then  held  in  the  center 
square  for  a  period  as 
squares   combined,  thereby 


Fio.  174. 
long   as   that   of   the  other 
8x  15 


occupymg- 


00 


X  120=  240  seconds,  or  4  minutes.     Sup- 


pose, when  this  has  been  carefully  done,  the  reading  of 
the  anemometer  is  as  shown  in  Fig.  173  (2,118);  then  the 
average  velocity  for  the  entire  area  of  the  airway  would 

be  ■ '  J   ■  =  529^  feet  per  minute.     The  quantity  of  air  q 

passing  in  the  airway  per  minute  is  calculated  by  the  formula 


When  using  the  anemometer,  the  operator  should  endeavor, 
as  far  as  possible,  not  to  obstruct  the  passageway  or  con- 
tract its  area  by  his  body.     He  should  stand  to  one  side  of 
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the  center  of  the  passage  and  make  allowance  for  his  body, 
especially  when  the  sectional  area  of  the  airway  is  small. 
The  anemometer  should'  be  held  at  right  angles  to  the 
direction  of  the  current.  Consideration  must  also  be  given 
to  the  fact  that  an  air-current,  like  a  water-current,  moves 
in  channels.  The  velocity  of  the  air  will  always  be  found 
very  much  greater  along  the  rib  of  an  airway  which  corre- 
sponds to  the  outer  circle  of  a  bend.  The  instrument  held  by 
this  rib  will  often  show  a  good  velocity,  while  close  to  the 
other  rib  there  is  scarcely  sufficient  motion  to  obtain  a  read- 
ing. In  fact,  velocity  measurements  should  be  taken,  if 
possible,  where  the  passage  is  straight  and  smooth. 


INSTRUMBNTS   FOR   MBA8URINO   DENSITY    OF   AIR. 

1064.  The  instruments  for  determining  the  density  of 
air  are  : 

{a)  The  barometer^  for  measuring  atmospheric  pressure. 

(b)  The  thermometer^  for  finding  the  temperature  of  the  air. 

The  density  of  air  depends  mainly  upon  two  factors,  bar- 
ometric pressure  and  temperature.  When  these  are  known, 
the  weight  of  1  cubic  foot  of  air  is  easily  determined  by 
formula  57. 

1066*  Tlie  Barometer. — ^This  instrument  has  been 
previously  described  in  another  paper,  and  will  only  be 
referred  to  here.  Its  use  is  important  in  all  mining  opera- 
tions, where  mines  are  opened  on  an  extensive  scale.  It  is 
often  found  in  the  offices  of  large  mining  companies,  con- 
nected with  a  continuous  self-registering  apparatus  that 
records  the  barometric  height  for  every  hour. 

1066.  The  Thermometer. — The  temperature  of  the 
air  is  determined  by  the  thermometer,  which  is  a  glass  tube 
having  a  small  bulb  blown  upon  the  lower  end.  The  bulb 
and  a  portion  of  the  tube  are  filled  with  mercury,  the  upper 
end  being  closed,  after  boiling  the  mercury,  to  expel  the 
air.  The  tube  is  attached  firmly  to  a  base,  as  shown  in  Fig. 
175,  which  is  then  graduated  so  as  to  mark  the  degrees  of 
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temperature  by  the  expansion  of  the  mercury,  which  rises 
and  falls  in  the  stem. 

There  are  two  thermometer  scales  in  common 
use,  the  Fahrenheit  scale,  marked  F  in  the  fig- 
ure, and  the  Centigrade  scale,  marked  C.  They 
differ  principally  in  the  location  of  the  zero 
mark. 

The  Centigrade  scale  is  a  decimal  scale.  Its 
zero  is  marked  by  the  freezing-point  of  water, 
while  the  boiling-point  is  marked  100°. 

The  Fahrenheit  scale  is  the  scale  most  used 
in  America  and  in  England.  The  freezjng-point 
of  water  is  marked  33°  above  zero,  and  the  boiling- 
point  212°  above  zero. 

1067.  By  comparing  these  two  scales,  it  can 
be  seen  that  100°  on  the  Centigrade  scale  corre- 
spond to  212  —  32—180°  on  the  Fahrenheit,  or 
5  degrees  C.=  9  degrees  F.  Hence,  to  convert 
any  Centigrade  reading  into  the  corresponding 
Fahrenheit  reading,  use  the  following  formula: 

F=|(f+32.  (76.) 

in  which  F  is  the  Fahrenheit  reading  and  C  the 
Centigrade  reading.  That  is,  |  of  any  Centigrade 
reading,  plus  52,  is  equal  to  the  corresponding 
Fahrenheit  reading,  attention  being  paid  to  plus  and 
minus  readings,  when  abo%>e  or  below  zero,  respcct- 
FiG.  1J5.      ively. 

To  convert  any  Fahrenheit  reading  into  the  corresponding 
Centigrade  reading,  use  the  following  formula: 

C=\(F-ii).  (77.) 

in  which  the  letters  have  the  same  meaning  as  in  formula 
76.  That  is,  from  the  given  Fahrenheit  reading  subtract 
33,  and  take  \  of  the  remainder ;  the  result  will  be  the 
corresponding  Centigrade  reading. 

Note. — In  each  of  the  two  preceding  rules,  all  readings,  of  either 
scale,  above  zero  are  plus,  and  all  below  zero  are  minus.  A  few 
examples  will  make  the  method  clear. 
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Example. — Convert  50^  C.  into  the  corresponding  Fahrenheit 
reading. 

Solution. — Using  formula  76, 

F=tX  50  -h  32  =  122^  F.     Ans. 

Example. — Convert  —  10"  C.  into  the  corresponding  Fahrenheit 
reading. 

Solution. — Using  formula  76, 

F=  (I  X  -  10)  -h  32  =  -  18  +  32  =  W  F.     Ans. 

Example. — Convert  —  30'  C.  into  the  corresponding  Fahrenheit 
reading. 

Solution. — Using  formula  76, 

F={iX  -  30)  -f  32  =  -  54  4-  32  =  -  22^  F.     Ans. 

Example. — Convert  —4''  F.  into  the  corresponding  Centigrade 
reading. 

Solution. — Using  formula  77, 

C'  =  I  (  -  4  -  32)  =  {  X  -  36  =  -  20^  C.     Ans. 

The  student  will  notice  that  in  these  formulas,  32  is  added 
and  subtracted  algebraically ;  that  is,  when  the  signs  are  like, 
the  quantities  are  added  together,  their  sum  having  the 
same  sign;  but  when  the  signs  are  unlike,  the  lesser  quan- 
tity is  subtracted  from  the  greater,  and  the  remainder  takes 
the  sign  of  the  greater.  Thus,  in  the  solution  of  example  2, 
where  +  32  is  added  to  — 18,  subtract  18  from  32,  and  the 
remainder,  14,  takes  the  plus  sign.  In  example  3,  subtract 
82  from  54,  and  the  remainder,  22,  takes  the  minus  sign. 


EXAMPLES  FOR  PRACTICE. 

1.  What  temperature  Fahrenheit  corresponds  to  100"  C.  ? 

Ans.  212"  R 

2.  Convert    290"    Centigrade  into  the  corresponding   Fahrenheit 
reading.  Ans.  554*'  F. 

8.     What  reading  upon   the   Centigrade  scale  corresponds    to    5" 
Fahrenheit  ?  Ans.  —  15"  C. 

4.     Convert  —  40"  Fahrenheit  into  the  corresponding  Centigrade 
reading.  Ans.  —  40°  C. 

AIR    COLUMNS. 
1068.     In  speaking  of  the  natural  means  at  hand  for 
producing  ventilation,  heated  air  eoluiuns  have  been  treated. 
It  is  important  to  notice  that  since  air  has  weight,  all  col- 
umns of  air  exert  a  downward  pressure  upon  the  area  of 
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their  base  equal  to  the  weight  of  the  column.  Also,  the 
downward  pressure  of  air  columns  creates  an  cyan/ pressure 
in  every  direction  upon  the  air  of  each  level  of  the  airway. 
That  is,  the  pressure  throughout  each  level  section  is  the 
same;  but  if  the  elevations  of  the  sections  are  different,  the 
pressure  in  each  section  will  be  different.  The  pressure  per 
square  foot  of  sectional  area  in  the  airway  due  to  any  air 
column  is  equal  to  the  weight  of  a  column  of  air  of  the  same 
height  and  having  a  uniform  section  of  1  square  foot  from 
bottom  to  top. 

1069.  Air  columns  may  be  vertical,  as  in  the  case  of 
the  furnace  shaft  B  A,  Fig.  176,  or  inclined,  as  in  the  case 

of  the  slope  air  column  C  E. 
I  In  either  case,  the  pressure 
I  at  the  base  upon  I  square 
I  foot  of  sectional  area,  due 
I  to  the  weight  of  the  air 
I  column,  is  calculated  from 
•■"-■'•  its  vertical  height.     In  the 

figure,  the  depth  of  the  shaft  D  is  equal  to  the  vertical 
height  of  the  slope,  and  for  the  same  temperature  the  pres- 
sures per  square  foot  of  sectional  area,  due  to  these  two  air 
columns,  are  equal. 

1070.  As  explained  previously,  the  difference  in  the 
weight  of  two  air  columns  connected  by  an  airway  at  their 
bases  causes  the  air  to  flow  through  the  airway,  from  the 
heavier  towards  the  lighter  column.  It  can  readily  be  seen 
that  the  weight  of  one  of  these  columns  is  positive,  while 
that  of  the  other  is  negative,  so  far  as  concerns  the  motion 
of  the  air-current.  The  weight  of  the  positive  column 
always  acts  in  the  direction  in  which  the  current  moves  in 
proportion  to  its  excess  of  weight  over  the  negative  column. 
Thus,  the  excess  of  weight  of  the  positive  air  column  causes 
the  flow  of  the  current. 

1071.  It  is  a  matter  of  common  observation  in  mines 
that  rise  ^vorklnss  are  more  difficult  to  ventilate  than  dip 
workluEB,  when  the  bottoms  of  the  shafts  are  on  the  dip 
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side  of  the  workings.  The  reason  for  this  is  found  in  the 
fact  that  the  intake  air,  or  that  flowing  to  the  rise,  is  always 
cooler  and  denser  than  the  return  air,  which  has  become 
heated  by  the  higher  temperature  of  the  workings,  and 
which  must  flow  down  grade  to  the  upcast.  The  effect  of 
this  will  be  to  retard  the  ventilation  of  the  workings. 

On  the  other  hand,  if  the  intake  runs  to  the  dip^  as  in  dip 
workings,  and  the  continuous  flow  of  the  air  is  upward  to 
the  upcast,  there  will  result  a  heavy  positive  column  and  a 
light  negative  column;  the  combined  effect  of  these  will 
assist  the  ventilation. 

The  influence  of  dips  and  rises  in  mine  workings  is  thus 
seen  to  be  a  powerful  one,  in  fact  often  completely  control- 
ling the  ventilation  of  the  workings.  For  this  reason,  seams 
having  any  considerable  inclination  should  be  so  ventilated 
that  as  far  as  practicable  the  course  of  the  current  will  be 
towards  the  rise.  This  is  known  as  ascensional  ventila- 
tion, and  is  an  important  consideration  in  the  ventilation 
of  all  mines. 

1072*  As  previously  explained,  the  weight  of  the 
motive  column  is  the  excess  of  weight  producing  a  flow 
of  air;  hence,  it  is  the  algebraic  sum  of  the  weights  of  all 
the  air  columns,  positive  and  negative.  It  is  often  conve- 
nient to  reduce  the  various  factors  in  any  ventilation  to  a 
single  motive  coluvtn^  which  at  once  expresses  the  height  of 
air  column  whose  weight  produces  the  ventilating  pressure. 

1073.  An  essential  point,  in  regard  to  all  air  columns, 
is  the  density  of  the  air  which  forms  it.  Whatever  affects 
the  density  of  the  air  affects  the  weight  of  the  column. 
Temperature,  pressure,  moisture,  presence  of  gases,  all 
affect  the  weight  of  the  air  column,  to  a  greater  or  less 
degree.  In  nice  calculations,  it  would  be  right  to  consider 
all  these  factors  for  each  column  respectively.  In  ordinary 
calculations,  however,  it  is  customary  to  consider  the  tem- 
perature of  the  column  and  the  barometric  pressure  only, 
Ignoring  the  mine  pressure,  the  amount  of  moisture  in  the 
air,   and    the    presence  of    gases.     The  latter,    excepting 
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moisture,  are  often  very  important  factors.  Mine  pressure 
may  affect  the  motive  column  to  the  amount  of  2^  per  cent., 
always  increasing  the  density  of  the  intake  air.  The  pres- 
ence of  carbonic  acid  gas  in  the  upcast  current,  or  in  the 
return  current  of  any  ascensional  ventilation,  acts  to  reduce 
the  motive  column,  and  may  amount  to  as  much  as  20  per 
cent. 

THE    BEST    METHODS    OF    VENTILATING    GAS- 
EOUS AND    NON-GASEOUS  MINES. 

1 074*     Ventilation  of  Flat,  Non-Gaaeous  Seams. — 

Fig.  177  shows  a  plan  of  underground  workings  in  a  non- 
gaseous mine,  worked  upon  the  pillar  and  chamber  method. 
The  seam  lies  flat,  or  nearly  so.  The  main  feature  of  the 
ventilation  here  shown  is  the  manner  of  splitting  the  air  at 
each  pair  of  cross-entries,  so  as  to  give  to  each  pair  a  sepa- 
rate current.  Or,  one  split  of  the  air  may  be  made  to  ven- 
tilate two  pairs  of  entries  near  the  face  of  the  workings. 
On  account  of  the  expense,  overcasts  are  never  put  in  at  any 
pair  of  cross-entries  until  the  development  warrants  the 
outlay.  It  is  evident,  from  observing  the  plan,  that  each 
overcast  saves  either  a  door  or  a  stopping,  and  always 
leaves  the  main  road  free  of  doors.  It  must  be  remembered, 
however,  that  the  practical  limit  to  splitting  an  air-current 
is  the  velocity  of  the  divided  current,  which  must  not  fall 
below  3  or  4  feet  per  second  in  non-gaseous  mines,  and  5  or 
6  feet  per  second  where  gas  is  given  off.  For  example,  if 
the  sectional  areas  of  the  airways  are  each,  say,  50  square 
feet,  and  there  is  only  15,000  cubic  feet  of  air  passing  upon 
the  main  airway,  this  current  can  not  be  split,  as  its  veloc- 
ity now  is  but  5  feet  per  second,  and  another  split  would 
reduce  it  below  the  limit. 

1075.  Another  important  feature,  in  the  practical  ven- 
tilation of  a  mine,  is  the  location  of  the  stables.  They 
must  be  situated  close  to  the  bottom  of  the  shaft,  so  that 
the  mules  can  be  easily  rescued  in  case  of  accident,  and 
where  the  daily  feed  and  refuse  can  be  readily  handled.     It 
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is  also  essential  that  they  be  ventilated  by  a  separate  split 
of   fresh   air,  as   shown   in  Fig.   177,  and   that  the  return 


current  from  the  stables  should  pass  through  a  regulator,  to 
prevent  excessive   drafts,  and  thence   directly  out  to  the 
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upcast  shaft,  and  not  contaminate  the  air  of  the  mine  by  mix- 
ing with  it.  In  Fig.  177  the  feed  and  refuse  are  handled 
through  the  door  shown  in  the  first  cross-cut,  next  to  the 
shaft.  The  mules  enter  the  stable  at  the  other  end,  which 
requires  no  door. 

1076-  Another  important  feature  to  be  considered,  in 
the  ventilation  of  all  mines,  is  the  arrangement  of  the  haul- 
age roads  with  respect  to  the  air-currents.  It  will  be  ob- 
served in  Fig.  177  that  the  main  haulage  roads  are  made  the 
return  airways  of  the  mine.  This  is  the  better  plan  in  all 
non-gaseous  mines,  for  two  principal  reasons:  (a)  freedom 
from  dust  upon  the  hiiake ;  (^)  freedom  from  ice  in  the 
hoisting  shaft  in  winter. 

1 077«  Ventilation  of  Gaseous  Seams. — In  gaseous 
mines,  the  haulage  is  always  of  necessity  done  in  the  intake 
airways,  to  lessen  the  liability  of  explosion.  If  the  mine 
represented  in  Fig.  177  were  gaseous,  it  would  be  necessary 
to  reverse  the  current,  and  cause  it  to  circulate  in  a  direc- 
tion opposite  to  that  shown,  making  the  hoisting  shaft  the 
doivncast.  This  is  usually  done  by  means  of  an  exhaust-fan 
placed  at  the  mouth  of  the  upcast  shaft.  The  doors  through- 
out the  mine  would  all  require  to  swing  in  the  opposite 
direction,  but  in  other  respects  the  arrangements  in  the  two 
cases  are  identical,  except  only  in  respect  to  the  velocity  of 
the  current,  as  already  explained. 

In  very  fiery  mines,  the  main  roads,  or  gangways,  are 
often  driven  triple  instead  of  double.  This  method  is  called 
the  **  Triple  Entry  System,"  a  section  of  which  is  shown  in 
Fig.  178. 

The  middle  entry  is  always  made  the  intake  and  haulage 
road,  the  two  outer  entries  being  the  return  for  each 
side  of  the  mine,  respectively.  The  exhaustive  system  of 
ventilation  must  be  used  in  this  case  as  in  every  other  case 
where  the  haulage  road  is  made  the  intake ;  otherwise, 
a  door  would  have  to  be  placed  upon  the  haulage  road,  and 
there  should  then  be  two  doors  to  prevent  the  stoppage  of 
the  current  while  the  trip  is  passing.     Such  doors  have  been 
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introduced  into  the  hoisting  shafts  in  certain  cases.     They 

were    made    to    work  - 

automatically  and  re-  4 

ciprocally,    the    one 

opening    after    the 

other  had  closed,  each 

time  the  cage  passed. 

This    arrangement    is 

complicated,    and 

should  never  be  used 

where    it    can    be 

avoided. 

The  chief  advantage   , 
of     the     triple-entry 
system  is  that  it  fur- 
nishes   a   separate  re- 
turn  for  each  side  of 

the  mine,  and  in  case  ^"'-  '™- 

of  an  explosion,  there  is  more  complete  isolation  of  the 
affected  district. 

1078.  Ventilation  of  Inclined  Seams. — The  main 

point  to  be  considered,  in  the  ventilation  of  all  inclined  seams, 
is  that  it  shall  be  ascensional.  In  other  words,  the  intake 
air  being,  as  a  rule,  cooler  than  that  of  the  return,  should  be 
conducted  at  once  to  the  lowest  portion  of  the  workings, 
whence,  as  it  gradually  absorbs  heat  from  the  mines,  it  tends 
to  rise.  The  natural  heat  of  the  mine,  as  has  been  previously 
explained,  always  creates  a  small  motive  column,  which  assists 
the  ventilation  when  the  cooler  intake  runs  to  the  dip,  and 
its  return,  to  the  rise.  In  general,  the  cool  outside  air /ir/Zi 
naturally  to  the  lowest  place  in  the  mine,  and  as  it  becomes 
heated  in  its  passage  through  the  workings,  it  rises  naturally 
to  the  higher  portions.  As  far  as  it  is  practicable  to  do  so, 
this  principle  of  ascensional  ventilation  must  be  applied  in  con- 
ducting an  air-current  through  workings  in  an  inclined  seam, 

1079.  Fig.  1T9  shows  the  ventilation  of  the  workings 
of  an  inclined  seam  opened   by  a  slope.     The  intake  is  a 
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shallow  shaft  near  the  mouth  of  the  slope,  while  the  return  is 
the  main  haulage  road  leading  to  the  mouth  of  the  slope. 
The  first  four  pairs  of  entries,  it  will  be  observed,  are  venti- 
lated by  a  separate  split.  Each  of  these  splits  is  conducted 
through  the  lower  entry  of  the  pair,  directly  to  the  face  of 
the  entries,  and  after  passing  through  the  inside  cross-cut, 
it  enters  the  last  room,  being  deflected,  if  necessary,  by  a 
canvas  hung  on  the  entry.  The  current  traverses  the  work- 
ing face  of  each  room  by  passing  through  the  cross-cuts  in 


the  room-pillars,  and  along  the  edge  of  the  gob  where  the 
pillars  are  being  drawn  back. 

If  the  seam  represented  in  Fig.  179  were  a  gaseous  seam, 
the  direction  of  the  current  should  be  reversed,  the  main 
haulage  roads  being  made  the  intake  airways  for  each  respect- 
ive section  of  the  mine.  This  is  best  done  by  making  the 
fan  at  the  air-shaft  exhaust. 

The  types  of  ventilation,  or  the  manner  of  conducting  the 
air  through  a  mine,  illustrated  in  these  general  plans,  cover 
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all  cases  of  practical  ventilation.  The  successful  application 
of  the  principles  involved  in  any  one  particular  case  will, 
however,  often  depend,  owing  to  varying  conditions,  upon 
the  skill  and  ingenuity  of  the  man  in  charge. 

1080.     Manner  of  Handling:  a  Body  of  Gas. — The 

removal  of  a  body  of  gas  that  has  accumulated  in  an  idle 
room  or  unused  chamber  requires  great  precaution  if  the  gas 
is  fiery.  This  should  never  be  attempted  until  all  the  men 
who  are  in  the  neighborhood  of  the  outgoing  air-current 
have  been  withdrawn.  Brattices  of  canvas  should  then  be 
so  hung  as  to  direct  into  the  workings  where  the  gas  is 
lodged  the  main  portion  of  the  air  traveling  along  the  air- 
way. Or,  if  the  gas  has  accumulated  in  some  cavity  of  the 
roof,  the  current  must  be  made  to  sweep  this  cavity  by  a 
brattice  erected  in  the  entry  beneath  it.  Great  care  is 
necessary  not  to  ignite  the  gas.  Only  the  most  reliable 
safety-lamps  should  be  employed,  and  they  should  be  placed 
in  fresh  air,  at  a  safe  distance  away,  and  carefully  watched. 
The  practice,  already  alluded  to,  of  passing  a  gaseous  cur- 
rent over  a  furnace  by  first  diluting  it  with  a  sufficient 
quantity  of  fresh  air  direct  from  the  downcast,  is  a  danger- 
ous one.  Indeed,  best  mining  practice  to-day  does  not 
tolerate  a  furnace  in  a  mine  that  yields  gas. 

1081*     Entrance  of  a  Mine  After  an  Explosion. — 

This  part  of  the  subject  will  be  considered  only  as  it  depends 
upon  the  restoration  of  the  ventilating  current  in  the  air- 
ways and  workings.  The  call  for  volunteers  and  their 
organization  into  two  or  three  rescuing  parties,  each  under 
its  own  efficient  leader,  is  followed  immediately  by  the 
adoption  of  such  measures  as  a  hasty  examination  shows  to 
be  necessary  to  restore  ventilation. 

If  an  exhaust-fan  was  in  use  at  the  mine  opening  pre- 
vious to  the  explosion,  it  will  generally  be  found  to  be  less 
injured  by  the  force  of  the  explosion  than  would  be  the 
case  with  a  blower-fan,  depending,  of  course,  upon  the  loca- 
tion of  the  initial  explosions  with  respect  to  the  upcast  and 
downcast   shafts.     The    force   of    an   explosion   is  ,usually 
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exerted  in  the  direction  of  the  intake  opening.  Any  injury 
to  the  fan  that  incapacitates  it  for  use  must  be  speedily 
.remedied.  The  original  course  of  the  ventilating  current 
should  not  be  altered,  except  upon  the  most  urgent  de- 
mands. 

As  quickly  as  the  intake  current  begins  to  enter  the  mine, 
the  men  should  follow,  equipped  with  good  lamps,  picks, 
shovels,  saws,  axes,  sledges,  brattice-cloth,  and  boards. 
They  proceed  at  once  to  follow  the  air,  rebuilding  doors  and 
stoppings  or  erecting  a  temporary  line  of  brattice  for  con- 
ducting the  air  around  a  fall.  The  main  point  to  be  borne 
in  mind  is  that  no  effectual  advance  can  be  made  ahead  of 
the  air. 

1082.  Mine  Fires.  — This  term  applies  to  any  form 
of  slow  or  rapid  combustion  taking  place  in  the  passages 
or  workings  of  a  mine.  Mine  fires  are  a  dangerous  ele- 
ment in  any  mine.  In  gaseous  mines  in  particular  is  this 
the  case,  the  presence  of  a  fire  being  an  imminent  source  of 
peril. 

The  chief  causes  leading  to  mine  fires  are :  (a)  spontaneous 
combustion^  as  it  is  called,  or  combustion  from  natural 
causes,  arising  from  the  storing  of  slack  and  fine  coal  in  the 
gob ;  (b)  ignition  of  the  coal  by  a  gas-feeder  fired  by  the 
flame  of  a  blast;  (f)  ignition  of  a  door-frame^  brattice^  or 
timbers  by  a  naked  lamp.  Whatever  the  cause,  a  fire  in 
the  workings  or  passages  of  a  mine  should  receive  prompt 
attention.  Its  presence  is  manifested  not  more  by  the 
heat  developed  than  by  the  peculiar  odor  imparted  to  the 
air. 

1083.  Treatment  of  Mine  Fires. — The  treatment 
of  mine  fires  will  be  considered  with  particular  reference  to 
the  ventilating  current.  The  manner  of  treatment  is 
divided  into  four  classes,  according  to  the  stage  of  develop- 
ment the  fire  has  reached,  viz. : 

{a)  Direct    method,    with   hose    and  water   or   portable 
chemical  fire-extinguishers. 
(b)  Loading  out  in  mine  cars. 
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(c)  Isolating  from  the  air  by  special  stoppings,  so  built  as 
to  effectually  prevent  air  leakage. 
{d)  Flooding. 

1 084.  In  its  incipient  stages,  a  mine  fire  can  be  extin- 
guished by  the  direct  method,  and  a  gob  fire  especially  can 
readily  be  loaded  out  in  mine  cars ;  but  it  frequently  hap- 
pens that  the  fire  assumes  larger  proportions  before  it  is 
detected. 

The  first  method  of  treatment  is  a  simple  one,  and  needs 
no  explanation  except  to  state  that  efficient  chemical  fire- 
extinguishers  are  on  the  market,  and  that  the  simple  methods 
of  operating  them  are  fully  explained  by  the  manufacturers. 

1085.  When  it  becomes  necessary  to  build  stoppings 
for  the  isolation  of  a  mine  fire,  much  care  is  needed,  both 
in  the  location  of  the  stoppings  and  in  the  order  in  which 
they  are  erected.  The  places  chosen  as  the  locations  of  stop- 
pings should  be,  as  far  as  practicable,  in  the  narrowest 
openings  available  in  the  solid  coal.  The  affected  area 
should  be  completely  shut  off  and  sealed  to  the  access  of 
air.  The  stoppings  must  be  well  built,  and  of  the  quickest 
available  material.  Care  must  always  be  taken  to  begin 
sealing  off  a  fire  at  its  side  next  the  return  air  and  work 
towards  the  intake,  sealing  the  intake  opening  last.  The  rea- 
son for  this  is  that,  by  closing  the  return-air  side  first,  the  gases 
set  free  by  the  fire  drive  back  the  fresh  air  after  that  stop- 
ping is  made,  and  when  the  intake  is  properly  closed  there 
is  no  chance  for  imprisoned  pure  air  to  initiate  an  explosion. 
It  also  affords  a  better  opportunity  for  the  dilution  of  the 
gases  with  the  air  of  the  ventilating  current.  Care,  how- 
ever, must  be  taken  to  avoid  breathing  the  carbonic  oxide, 
or  white  damp,  incident  to  mine  fires,  as  it  is  the  most 
poisonous  gas  known. 

In  a  gaseous  mine  it  would  be  unsafe  to  proceed  in  any 
other  way  than  that  above  described.  Violent  explosions 
have  been  known  to  result  from  neglect  of  these  precau- 
tions. From  the  moment  of  the  sealing  of  the  inlet  end,  it 
this  end  be  sealed  first,  the  gases  generated  by  the  fire,  and 
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otherwise,  increase  in  volume  and  move  slowly  towards  the 
outlet,  where  they  have  free  access  to  the  airway  in  a 
dangerous  form. 

When  these  stoppings  have  remained  closed  for  a  sufficient 
period,  and  it  is  necessary,  in  order  to  work  the  coal,  that 
they  be  opened,  it  must  be  done  with  the  utmost  caution, 
and  in  the  reverse  order  to  that  in  which  they  were  sealed. 
The  stopping  at  the  intake  end  is  thus  the  first  one  to  be 
taken  down,  as  it  was  the  last  one  put  up.  Careful  search 
must  at  once  be  made  to  discover  any  smouldering  remains 
of  the  fire,  and  for  days  after  the  place  must  be  closely 
watched. 

1086.  Flooding  a  mine,  in  order  to  extinguish  a  fire,  is 
only  considered  as  a  last  resort.  At  times,  certain  portions 
of  the  mine  which  alone  are  affected  are  shut  off  and 
flooded.  It  then  becomes  necessary  to  construct  dams  suf- 
ficiently strongto  withstand  the  pressure  due  to  the  water. 
The  construction  of  these  dams  is  treated  particularly  in 
Methods  of  Working. 
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MINE  SURVEYING. 


INTRODUCTION. 

1087.  Mine  surveying  is  the  art  of  making  such 
measurements  as  will  determine  the  relative  positions  of 
two  or  more  points,  either  on  the  surface  or  in  the  mine,  or 
both  on  the  surface  and  in  the  mine.  It  consists  in  measur- 
ing, with  a  view  of  drawing,  on  paper,  plans  and  sections  of 
the  underground  workings  of  a  mine,  the  mine  buildings, 
and  other  improvements,  the  natural  features  on  the  sur- 
face, and  the  mine  concession  or  lease. 

1088.  Trustworthy  plans  and  sections  are  of  great 
value  in  giving  a  view  of  all  the  important  features  of  the 
property,  in  affording  data  to  assist  in  the  further  develop- 
ment of  the  mine,  and  in  avoiding  expensive  litigation  due 
to  trespass  on  adjoining  properties.  Accidents  and  loss 
caused  by  driving  in  a  wrong  direction,  or  into  old  work- 
ings where  gas  or  water  is  met  in  great  quantities,  are  also 
avoided  by  good  survey^  and  reliable  plans. 

1089.  Mine  surveying,  until  recent  years,  did  not  keep 
pace  with  the  advancement  in  other  branches  of  surveying, 
and  it  is  to  be  regretted  that  mine  surveys  in  some  regions 
are  still  made  with  instruments  which  have  long  been  set 
aside  as  too  inaccurate  for  surface  surveys. 

1090.  The  great  value  of  our  mineral  deposits  and  the 
enormous  extent  to  which  they  are  being  worked,  together 
with  the  desire  of  avoiding  trouble  as  above  mentioned, 
have   necessitated   a   high    degree   of   perfection    in    mine 
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surveying.  Indeed,  the  law,  in  most  cases,  requires  that  the 
operator  or  superintendent  of  a  mine  shall  make,  or  cause 
to  be  made,  by  a  competent  person,  an  accurate  map  or 
plan  of  the  mine  or  mines  of  which  he  has  charge.  This 
has  also  tended  to  improve  and  advance  the  art  of  mine 
surveying. 

MEASURING    DISTANCES. 

1091*  The  most  suitable  and  accurate  instrument  for 
measuring  distances  in  mine  surveys  is  the  steel  tape.  It 
is  made  of  a  ribbon  of  tempered  steel,  varying  in  length 
from  50  to  500  feet,  in  width  from  .08  to  .5  inch,  and  in 
thickness  from  .015  to  .04  inch.  At  each  fifth  foot  a  small 
piece  of  brass  wire  is  soldered  across  the  tape,  the  white 
solder  extending  about  an  inch  on  each  side  of  the  wire. 
In  the  latter  is  filed  a  small  notch  which  marks  the  exact 
spot  where  the  fifth  foot  ends.  The  distances  from  the  zero- 
point  of  the  tape  are  marked  upon  the  solder  by  counter- 
sunk figures.  The  tape  is  wound  upon  a  simple  wooden 
reel,  about  one  foot  in  diameter,  which  can  be  held  in  one 
hand  and  turned  by  the  other.  Two  D-shaped  brass  handles, 
which  can  be  detached,  accompany  the  tape,  and  are  carried 
upon  the  reel. 

1092.  The  work  of  measuring  in  a  mine  is  greatly 
facilitated  by  having  a  steel  tape  suflficiently  long  to  reach 
from  the  neck  of  the  chamber,  or  room,  to  the  face — a  dis- 
tance usually  of  about  300  feet.  The  first  five  feet  should 
be  graduated  into  feet  and  tenths  of  a  foot.  Such  a  tape 
will  enable  one  to  measure  any  distance  correctly  to  tenths 
of  a  foot,  and  quite  approximately  to  hundredths,  because 
a  point  lying  between  two  tenth-divisions  can  be  very  close- 
ly estimated. 

The  method  of  measuring  the  distance  between  two 
points  with  a  tape  graduated  in  this  manner  is  as  follows: 
Measure  off  as  many  300-foot  lengths  as  the  distance  will 
permit;  and,  to  measure  the  remaining  distance,  hold  that 
5-foot  mark  which  records  a  distance  greater  than  the  re- 
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maming  distance,  but  most  nearly  to  it,  at  the  point  mark- 
ing the  end  of  the  last  300-foot  length,  and  then  read  the 
distance  on  the  graduated  5-foot  length.  Then  this  dis- 
tance, plus  the  number  of  5-foot  lengths  minus  1,  plus  the 
number  of  300-foot  lengths,  will  be  the  total  distance  re- 
quired. 

1093*  Chains,  which  are  still  somewhat  used,  are 
made  of  steel  wire  links,  and  are  either  50  or  100  feet  in 
length.  Each  tenth  foot  is  marked  by  a  brass  tag.  That 
at  the  end  of  the  first  ten  feet  has  one  prong,  that  at  twenty 
feet  has  two  prongs,  etc.  Intermediate  feet  are  determined 
by  counting  the  links  from  the  preceding  tag,  each  link  be- 
ing one  foot  in  length.  Fractional  parts  of  a  foot  are 
measured  by  a  small  instrument  graduated  to  tenths  and 
hundredths  of  a  foot.  Thus,  in  measuring  a  distance  of  40. 75 
feet,  the  75  hundredths  of  a  foot  are  determined  by  measur- 
ing from  the  40-foot  mark  on  the  chain  to  the  point  by  means 
of  the  small  graduated  stick  or  piece  of  steel.  To  make  the 
calculations  more  simple,  fractional  parts  of  a  foot  are  not 
measured  as  inches,  but  as  tenths  and  hundredths  of  a  foot. 
Thus,  37  feet  6  inches,  in  surveying  work,  is  always  recorded 
as  37. 5  feet.     Similarly,  53  feet  9  inches  is  53. 75  feet. 

1094.  The  term  chainmen  is  applied  to  the  men 
whosC'  special  duty  is  to  measure  distances  between  survey 
stations.  To  measure  distances,  two  men  are  required,  a 
fore-chaininan  and  a  Itlnd-chalnman.  The  hind- 
chain  man  has  the  more  responsible  position.  They  should 
be  provided  with  eleven  pins,  pointed  on  one  end  and  bent 
into  a  ring  at  the  other,  and  made  of  tempered  steel  wire  i 
inch  in  diameter.  The  pins  are  usually  from  12  to  15  inches 
long,  and  are  used  to  mark  the  end  of  the  chain  or  tape  in 
measuring  a  line. 

1005.  Supposing  the  chain  to  be  tied  up,  the  fore- 
chainman  throws  it  out  in  the  direction  opposite  to  that  in 
which  the  chaining  is  to  be  done,  gives  the  hind-chainman 
a  pin,  takes  nine  in  his  left  hand,  and  the  end  of  the  chain  and 
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one  pin  in  his  right  hand,  and  draws  the  chain  in  the  direc- 
tion of  the  line.  The  hind-chainman  examines  the  chain  as 
it  passes,  to  see  that  there  are  no  kinks  or  bent  links,  or,  if 
a  tape  be  used,  to  see  that  there  are  no  loops  in  it. 

When  the  fore-chain  man  has  gone  the  proper  distance,  he 
stops,  rests  his  right  elbow  on  his  right  knee,  and  extentls 
his  right  hand  (in  which  he  holds  the  handle  of  the  pin)  as 
far  as  possible  from  his  body,  so  that  the  hind-chainman 
may  have  an  unobstructed  view  of  the  pin  and  the  farther 
end  of  the  line.  The  fore-chainman  must  keep  the  chain 
straight  and  taut,  and  obey  the  signals  of  the  hind-chain- 
man. 

The  hind-chainman  places  his  end  of  the  chain  at  the 
point  of  beginning,  and,  by  placing  himself  behind  the 
point,  with  a  motion  of  his  arm  directs  the  fore-chainman 
where  to  place  his  pin.  For  example,  if  the  pin  ought  to 
be  moved  a  considerable  distance  to  the  right,  the  right 
arm  is  held  far  out  from  that  side  of  his  body;  if  it  should 
be  moved  only  a  little,  the  arm  is  held  nearly  vertical.  The 
signal  thus  indicates  both  the  direction  and  the  amount 
of  motion  required.  As  the  pin  approaches  the  proper  posi- 
tion, the  arm  comes  more  nearly  vertical.  When  the  pin  is 
at  the  proper  place,  the  hind-chainman  calls  out  ^^ stick /  " 
and  the  fore-chainman  then  brings  his  left  hand  to  bear 
upon  the  top  of  the  pin,  and  forces  it  vertically  into  the 
ground.  After  the  pin  is  set,  he  should  test  it  to  see  that 
the  pin,  at  the  surface  of  the  ground,  is  just  in  contact  with 
the  front  face  of  the  handle.  When  the  position  of  the  pin 
is  satisfactory  to  the  fore-chainman,  he  calls  out  ^^  stuck /  " 
and  at  this  signal  the  hind-chainman  loosens  his  end  of  the 
chain,  and  both  move  forward  the  length  of  the  chain. 

The  fore-chainman  should  keep  his  eye  steadily  on  the 
farther  end  of  the  line,  so  that  he  may  keep  near  the  line. 
When  the  hind-chainman  reaches  the  pin  already  set,  he 
calls  ^^  halt  I  "  and  the  fore-chainman  prepares  to  set  a  pin. 
After  the  fore-chainman  has  placed  his  pin  in  line,  the 
hind-chainman  holds  his  end  of  the  chain  against  the  pin,  at 
the  same  time  placing  his  hand  on  the  top  of  the  pin  to 
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hold  it  firm,  and  calls  out  ^^ stick/''  and  at  the  reply 
*' stuck,*'  he  removes  his  pin  and  the  work  proceeds  as 
before. 

When  the  fore-chainman  has  set  his  last  pin,  he  calls 
^^  tally  / ''  and  the  hind-chainman  comes  up,  and  gives  the 
fore-chainman  the  ten  pins  which  he  has,  both  men  counting 
them  to  be  sure  that  none  have  been  lost.  The  hind-chain- 
man  then  makes  note  of  the  tally,  and  the  work  proceeds  in 
the  usual  manner. 

When  the  fore-chainman  reaches  the  end  of  the  line,  he 
stops,  holds  his  end  of  the  chain  against  it,  calls  ^^ stuck  /  " 
and  the  hind-chainman  then  comes  forward  and  counts  the 
distance  beyond  the  last  pin.  Each  tally  represents  ten 
chains;  each  pin  held  by  the  hind-chainman  (not  including 
the  one  in  the  ground)  represents  a  chain,  and  the  feet  just 
counted  make,up  the  total  distance.  Notice  that  the  pin 
last  set  is  not  counted.  It  should  always  remain  in  the 
ground  until  the  distance  is  recorded. 

1096.  Since,  in  steel  tapes,  the  handle  extends  beyond 
the  end  graduation,  the  fore-chainman  should  grasp  the 
handle  of  the  tape  in  his  left  hand,  rest  his  left  elbow  on  his 
left  knee,  and  hold  the  pin  in  his  right  hand,  instead  of  as 
previously  directed  in  using  the  chain. 

1097.  Owing  to  the  frequent  dips,  rises,  and  turns  in 
the  entries  of  a  mine,  the  stations,  which  will  be  explained 
later,  are  usually  so  close  together  that  a  tape  300  feet  long 
will  reach  from  one  to  the  other,  thereby  obviating  the 
need  of  pins.  Where  the  tape  is  too  short  to  reach  from 
station  to  station,  chalk-marks  are  often  used  instead  of 
pins  to  mark  the  successive  lengths  of  the  tape. 

1098.  In  chaining,  it  is  just  as  important  to  hold  the 
chain  or  tape  horizontally  as  it  is  to  keep  it  in  line  between 
the  two  points  whose  distance  apart  is  being  measured.  In 
chaining  up  hill  (see  Fig.  180),  the  fore-chainman  draws  the 
chain  out  to  its  full  length,  -as  in  any  case,  and  then  returns 
to  within  such  a  distance  from  the  hind-chainman  that  when 
the  chain  is  drawn  out  to  that  length  horizontally,  it  shall 
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not  be  too  high  to  be  held  conveniently.  The  hind-chain- 
man  holds  his  end  of  the  chain  carefully  over  the  point,  or 
station,  by  means  of  the  plumb-line,  while  he  directs  the 
fore-chainman  in  the  usual  manner. 

The  point  fixed  in  this  manner  by  the  fore-chainman  must 
not  be  marked  by  a  regular  pin,  but  by  a  small  peg,  or  nail. 
At  the  order  "stick,"  the  fore-chainman  does  not  go  for- 
ward immediately,  but  waits  until  the  hind-chainman  comes 
up  and  takes  the  chain  at  the  precise  point  held  to  the 
ground.     This  point  is  now  held  above  the  peg  by  the  hind' 


chainman,  who  uses  the  plumb  as  before,  and  alines  the  fore- 
chainman,  who  has  taken  hold  of  the  chain  a  few  links 
farther  on  and  is  holding  it  to  the  ground.  These  short  dis- 
tances are  not  recorded,  the  end  of  a  full  chain  being  marked 
by  a  regular  pin.  In  measuring  down  a  hill,  the  reverse  of 
the  foregoing  operation  is  used.  In  fact,  if  convenient,  all 
measurements  should  be  made  with  the  fore-chainman  down 
the  hill,  as  he  can  easily  hold  his  end  of  the  chain  in  the  air 
and  drop  the  plumb-bob,  while  the  hind-chainman  holds  his 
end  firmly  on  the  ground.  Measuring  down  a  hill  is  not 
only  easier,  but  is  more  accurate  than  measuring  up. 
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109d«  Chainmen  should  be  intelligent  men  who  fully 
realize  the  importance  of  accuracy  in  measuring  distances. 
The  correctness  of  the  map  to  be  made  depends  as  much  on 
accurate  measurements  as  on  the  correct  reading  of  the 
angles.  They  should  also  understand  that,  in  general, 
it  is  not  the  actual  distance  between  two  points,  either  in 
the  mine  or  on  the  surface,  that  is  required,  but  that  it  is 
the  horizontal  projection  of  this  actual  distance  which  is  re- 
quired to  make  the  mine  map;  for  instance,  it  is  not  the 
actual  distance  A  B^  Fig.  180,  that  is  required,  but  the 
horizontal  projection  of  this  distance,  which  is  A  C,  that 
must  be  known  to  make  the  map.  They  should  remember, 
while  chaining,  that  the  shortest  distance  between  two  points 
is  measured  on  a  straight  line, 

llOO.  In  measuring  up  or  down  a  regular  grade  or 
slope  in  a  mine,  it  is  best  to  measure  the  distance  on  the 
grade,  and  multiply  this  by  the  cosine  of  the  angle  of  dip  or 
rise,  to  find  the  distance  to  be  recorded,  or  the  length  of  the 
horizontal  projection  of  the  slope.  Errors  are  less  liable  to 
occur  by  this  method  than  by  the  ordinary  method  of 
measuring  up  or  down  hill  as  previously  explained. 


COMPASS  SURVEYING- 


THB  COMPASS. 

1 101«  The  compass  may  be  either  a /^r^r/  compass  or  a 
surveyor's  compass^  and  may  be  used  by  holding  it  in  the 
hand,  or  supporting  it  with  a  Jacob's  staff  or  with  a 
tripod.  The  Jacob's  staff  is  convenient  for  use  in  making 
outside  surveys,  but,  as  a  rule,  is  useless  in  the  mine. 

Owing  to  the  inaccuracy  of  the  compass,  due  to  yearly 
and  daily  variations,  and  its  sensitiveness  to  local  attraction 
from  iron  in  various  forms,  it  is  not  used  to  make  the  survey 
from  which  the  general  map  of  the  mine  is  constructed. 
Its  use  is  desirable,  however,  as  with  it  chambers  can  be 
turned  off  and  driven  in  any  desired  direction,  and,  in  gen- 
eral, any  work  may  be  done  with  it  where  absolute  accuracy 
is  not  required. 
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1102.     The   pocket    compaiw   consists   merely   of   a 

magnetic  needle  swinging  freely  on  a  pivot  in  the  center, 

both  being  enclosed  in  a  metallic  or  wi'X)den  box  with  a 

glass  face;  below  the  glass  is  a  circle  graduated  into  3fiO 

degrees.     These   compasses   are   made   with    and    without 

folding  sights.     The  folding  sights  are  accurately  placed  at 

the  north  and  south  sides  of  the  compass-box,  that  on  the 

north  end  having  a  slot  in  which  is  fixed  a  vertical  wire,  and 

that  on  the  south  end  having  merely  a  fine  slot  with  several 

small  circular  holes  along 

it,    to   which    the    eye    is 

applied  in  sighting. 

1103.  The  survey- 
or's compasH  is  similar 
to  the  pocket  compass 
with  folding  sights,  but 
larger  (see  Fig.  181).  It 
is  arranged  for  use  on  a 
tripod  or  a  Jacob's  staff  by 
having  a  spindle  with  a 
ball  end,  which  fits  accu- 
rately into  a  socket  that 
can  be  screwed  either  on 
the  tripod  or  on  the  Jacob's 
staff.  It  is  also  supplied 
with  two  level  tubes  set  at 
right  angles  to  each  other. 
The  ball  and  socket  joint 
enables  the  compass-box 
to  be  moved  in  any  direc- 
Pio-  *Bi-  tion,  so  that  it  can  readily 

be  leveled.     It  is  also  arranged  to  swing  horizontally  on  its 

axis,  and  it  can  be  clamped  in  any  position. 

TO  ADJUST  THE  COMPASS. 

1104.  The  Levels. — First  bring  the  bubbles  to  the 
center  of  the  bubble  tubes  by  pressing  with  the  hand  on 
different  parts  of  the  plate,  and  then  turn  the  compass-box 
half  way  around ;  i.e.,  revolve  it  through  180";  should  the 
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bubbles  run  to  the  ends  of  the  tubes,  it  would  indicate  that 
those  ends  to  which  the  bubbles  run  are  highest;  lower 
them  by  tightening  the  screws  immediately  under  those 
ends  and  by  loosening  those  under  the  other  ends  until,  by 
estimation,  the  error  is  half  removed ;  level  the  plate  again, 
and  repeat  the  operation  until  the  bubbles  remain  in  the 
center  during  an  entire  revolution  of  the  compass. 

1 105*  The  Needle. — This  is  adjusted  in  the  following 
manner:  Having  the  eye  nearly  in  the  same  horizontal 
plane  with  the  graduated  rim  of  the  compass  circle,  bring 
one  end  of  the  needle  in  line  with  any  prominent  division  of 
the  circle,  as  the  zero  or  ninety-degree  mark,  using  a  small 
splinter  of  wood  or  a  slender  iron  wire,  and  notice  if  the 
other  end  corresponds  with  the  degree  on  the  opposite  side ; 
if  it  does,  the  needle  is  said  to  cut  opposite  degrees.  If  the 
needle  does  not  cut  opposite  degrees,  apply  a  small  wrench 
about  one-eighth  of  an  inch  below  the  point  of  the  center 
pin,  and  bend  the  pin  until  the  ends  of  the  needle  are 
brought  into  line  with  the  opposite  degrees.  Then,  holding 
the  needle  in  the  same  position,  turn  the  compass  half  way 
around,  and  note  whether  it  now  cuts  opposite  degrees;  if 
not,  correct  half  the  error  by  bending  the  needle,  and  the 
remainder  by  bending  the  center  pin. 

The  operation  must  be  repeated  until  perfect  reversion  is 
secured  in  the  first  position.  This  being  obtained,  it  may 
be  tried  on  another  quarter  of  the  circle ;  if  any  error  is 
there  manifested,  the  correction  must  be  made  in  the  center 
pin  only,  the  needle  being  already  straightened  by  the 
previous  operation.  When  again  made  to  cut,  it  should  be 
tried  on  the  other  quarters  of  the  circle,  and  corrections 
made  in  the  same  manner  until  the  error  is  entirely  removed 
and  the  needle  will  reverse  in  every  point  of  the  divided 
circle.  

TO    use  THB  COMPASS. 

1106.  In  using  the  compass,  the  surveyor  should  keep 
the  south  end  towards  his  person  and  read  the  bearings 
from  the  north  end  of  the  needle.  In  the  surveyor's  com- 
pass he  will  observe  that  the  positions  of  the  E  and  W 
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letters  on  the  face  of  the  compass  are  reversed  from  their 

natural  positions,  in  order  that  the  direction  of  the  sight 

may  be  correctly  read. 
The  compass  circle  being  graduated  to  half -degrees,   a 

little  practice  will  enable  the  surveyor  to  read  the  bearings 

to  quarters — estimating  with  his  eye  the  space  bisected  by 

the  point  of  the  needle. 

The  compass  is  usually  divided  into  quadrants,  and  zero 

is  placed  at  the  north  and  south  ends.     Ninety  degrees  is 

placed  at  the  east  and  west  marks,  and 
the  graduations  increase  right  and  left 
from  the  zero  marks  to  90®. 

1107.  In  Fig.  182,  the  positions  of 
the  four  quadrant  points  are  shown  as 
they  are  marked  upon  the  circle  of  a  sur- 
veyor's compass.  It  will  be  observed 
that  the  east  and  west  points  have 
Fig.  188.  changed  places.     The  line  of  sight  of  a 

surveyor's  compass  is  always  along  the  graduated  north  and 
south  line,  the  graduated  circle  being  rigidly  connected 
with  the  sights,  while  the  needle  swings  free. 

Suppose  a  sight  is  taken  with  a  surveyor's  compass  in  the 
direction  shown  by  the  position  of  the  north  and  south  line 

99  iff 


in  Fig.  183,  the  observer  standing  (as  he  always  should)  at 
the  south  end  of  the  compass  circle.  The  needle,  having 
been  swinging  free,  would  maintain  its  position,  pointing 
towards  the  north.  The  compass  circle,  being  fixed  rigidly 
to  the  sights,  would  have  moved  with  them,  and  the  four 
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quadrant  points  would  be  in  the  position  shown  in  Fig.  183. 
The  angle  through  which  the  compass  is  supposed  to  have 
been  turned  is  45  degrees,  which  will  be  the  graduation  upon 
the  compass  circle  to  which  the  needle  points.  The  sight 
having  been  taken  to  the  right  of  north,  it  .is  plain  (aside 
from  the  illustration)  that  its  direction  is  northeast.  From 
this  direction  and  the  knowledge  that  the  deflected  angle  is 
45  degrees,  we  would  expect,  by  **  reading  the  needle,"  to 
obtain  the  correct  direction,  N  45°  E.  This  reading  can  be 
obtained  only  by  transposing  the  east  and  west  points  from 
the  positions  they  occupy  in  nature  to  those  shown  in  Figs. 
182  and  183. 

1 108.  Fig.  184  illustrates  the  position  of  the  surveyor's 
compass  when  a  sight  is  taken  45  degrees  to  the  left  of  north. 
We  know  this  reading  must  be  north  45  degrees  west  (N  45° 
W).  Fig.  184  shows  the  needle  pointing  north,  with  the  45- 
degree  mark  of  the  graduated  circle  opposite  the  north  end 
of  the  needle.  The  correct  reading  can  be  indicated  on  the 
compass  circle  only  when  the  east  and  west  points  occupy 
the  transposed  positions  shown  in  the  figure. 


THE  VERNIER. 

1109.  The  vernier  is  a  device  for  reading  divisions  of 
a  scale  smaller  than  those  into  which  the  scale  is  divided.  A 
careful  study  of  Figs.  185  to  190  will  give  the  student  a 
good  knowledge  of  the  principles  of  the  vernier. 

1110.  If  the  scale  A,  Fig.  185,  is  divided  into  ten  equal 
parts,  and  the  scale  A\  whose  length  is  equal  to  nine  of  the 
parts  of  the  scale  A,  is 
also  divided  into  ten 
equal  parts,  it  is  evident 
that   each    division   on 

the  scale  A'  is  equal  to  fig.  i8B. 

nine-tenths  of  a  division  on  the  scale  A.  For  convenience, 
the  scale  A  will  be  considered  as  the  true  scale,  while  the 
scale  ^' will  be  called  X\\q  virnicr  scale.  It  is  evident  that 
five  divisions  on  the  vernier  scale  will  be  equal  to  5  X  yV  = 
^  =  4J^  divisions  on  the  true  scale.     If  the  zero-points,  or 
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graduations,  of  the  two  scales  be  set*  opposite  each  other, 
the  point  5'  on  the  vernier  scale  will  be  exactly  at  4^^,  or  mid- 
way between  ^  and  5,  on  the  true  scale.  It  is,  therefore, 
evident  that  if  the  zero-point  of  the  vernier  scale  be  set 

exactly  midway  be- 
tween 0  and  1  of  the 
true  scale,  the  point  5' 
on  the  vernier  scale 
Fig.  188.  will  be  exactly  opposite 

the  point  5  on  the  true  scale,  as  shown  in  Fig.  180.  We 
thus  know  that,  in  order  to  place  the  zero-point  of  the 
vernier  scale  exactly  half  way  between  the  points  0  a'ld  1 
of  the  true  scale,  we  have  only  to  set  the  point  it'  of  the 
vernier  scale  opposite  the  point  5  of  the  true  scale. 

Similarly,  if  we  wish  to  set  the  zero-point  of  the  vernier 
scale  at  one-tenth  of  a  division  from  the  zero-point  of  the 
true  scale,  we  have  only  to  set  the  point  1'  on  the  vernier 
scale  opposite  the  point 
1  on  the  true  scale. 
For,  if  the  points  1  and 
1'  be  set  exactly  oppo- 
site each  other,  it  is  fig.  187. 
plain  that  the  zero-point  of  the  vernier  will  be  at  a  distance 
of  nine-tenths  of  a  division  from  these  points,  or  one-tenth 
of  a  division  from  the  zero-point  of  the  true  scale,  as  shown 
in  Fig.  187.  If  we  wish  to  set  the  zero-point  of  the  vernier 
scale  at  seven-tenths  of  a  division  from  the  zero-point  of  the 

true  scale,  we  simply 
set  the  point  7'  on  the 
vernier  scale  opposite 
the  point  7  on  the  true 
Fig.  188.  scale,  as   shown  in  Fig. 

188.  For  the  zero-point  of  the  vernier  scale  will  then  be  at 
a  distance  of  7  X  -j'o  —  ^mV  divisions  from  the  point  7,  or  7 
—  0  j^^  =  j'^y  of  a  division  from  the  zero-point  of  the  true  scale. 
But,  in  order  that  this  principle  shall  hold,  it  is  not 
necessary  for  the  zero-point  on  the  vernier  scale  to  be  oppo- 
site the  division  adjacent  to  the  zero-point  on  the  true  scale ; 
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it  may  be  opposite  any  division.  In  such  a  case,  for  the 
fractional  part  of  the  division  of  the  true  scale  at  which  the 
zero-point  of  the  vernier  scale  is  situated,  that  graduation 
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PlO.  189. 

of  the  vernier  scale  is  read  which  is  opposite  anj^  graduation 
of  the  true  scale.  Thus,  in  Fig.  189,  the  zero-point  of  the 
vernier  scale  is  between  the  graduations  3  and  4.  of  the  true 
scale,  while  the  graduation  6'  of  the  vernier  scale  is  directly 
opposite  a  graduation  on  the  true  scale.  The  zero  of  the 
vernier  scale  is  thus  known  to  be  at  a  distance  of  3^^^  divi- 
sions from  the  zero-point  of  the  true  scale.  Similarly,  in  Fig. 
190,  the  zero-point  of  the  vernier  scale  reads  1^  on  the 
true  scale.  It  will  be  found  that  for  anj^  position  of 
the  vernier  scale,  the 
position  of  its  zero- 
point,  with  reference 
to  the  graduations  of 

the  true  scale  between  fig.  190. 

which  it  is  situated,  will  be  correctly  indicated  by  that  grad- 
uation on  the  vernier  scale  which  is  directly  opposite  a 
graduation  on  the  true  scale.  The  number  of  the  gradua- 
tion of  the  vernier  scale  which  coincides  with  a  graduation 
of  the  true  scale  will  be  the  distance,  in  tenths  of  a  division 
of  the  true  scale,  of  the  zero-point  of  the  vernier  scale  be- 
yond its  adjacent  and  next  lower  graduation  of  the  true  scale. 

1 1 1  !•  There  are  two  kinds  of  verniers,  direct  and  retro- 
grade. In  the  direct  vernier  the  divisions  on  the  vernier 
scale  are  smaller  than  the  divisions  on  the  fixed,  or  true, 
scale;  while  in  the  retrograde  vernier  the  divisions  on 
the  vernier  scale  are  larger  than  those  on  the  fixed  scale. 

1112.  Magnetic  Variation. — The  direction  in  which 
a  magnetic  needle  points  is  termed  a  magnetic  meridian. 
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and  the  angle  that  the  magnetic  meridian  forms  with  the 
true  meridian,  which  is  a  line  running  truly  north  and 
south,  is  termed  the  decllnatloii  of  the  needle.  This  devi- 
ation of  the  magnetic  needle  from  a  true  meridian  is  not 
constant,  but  increases  or  decreases  a  very  sensible  amount 
in  a  series  of  years.  For  this  reason,  in  running  over  the 
lines  of  a  tract  of  land  from  field  notes  of  some  years'  stand- 
ing, the  surveyor  would  be  obliged  to  make  an  allowance, 
both  perplexing  and  uncertain,  in  the  bearing  of  every  line, 
were  it  not  for  the  use  of  a  vernier. 

1113.  To  Turn  Off  the  Variation. — If  the  surveyor 
has  a  vernier  attached  to  his  compass,  he  can  set  the  com- 
pass to  any  variation,  by  moving  the  vernier  to  either  side 
(and  with  it,  of  course,  the  compass  circle  attached),  by 
placing  his  instrument  on  some  well-defined  line  of  the  old 
survey,  and  turning  the  tangent  screw  (slow-motion  screw) 
until  the  needle  of  his  compass  indicates  the  same  bearing 
as  that  given  in  the  old  field  notes  of  the  original  survey. 
Then,  by  screwing  up  the  clamping  nut  underneath  the 
vernier,  he  can  run  all  the  other  lines  from  the  old  field 
notes  without  further  alteration. 

1114.  Figs.  191  and  192  show  the  retrograde  form  of  a 
compass  vernier.  To  read  the  position  of  the  vernier  in 
Fig.  191,  we  notice  that  the  zero-point  on  this  vernier,  or 
inner  scale,  lies  to  the  right  of  the  zero-point  on  the  outer 
scale.     The  graduations  on  the  outer   scale  here  increase 


Fig.  191. 

numerically  from  its  zero-point  towards  the  right ;  hence, 
we  read  the  number  of  degrees  in  the  same  direction  until 
we  reach  the  zero-point  of  the  vernier.  Beginning  at  zero 
on  the  outer  scale,  we  pass  *^\  degrees  to  the  right  before  we 
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encounter  the  zero  of  the  vernier,  and  the  next  graduation 
beyond  the  zero  of  the  vernier  is  the  4:-degree  mark,  which 
shows  at  once  that  the  reading  is  between  3^  degrees  (3°  30') 
and  4  degrees;  that  is,  it  is  3°  30'  plus  a  certain  number  of 
minutes  yet  unknown.  This  number  of  minutes  is  read  upon 
the  vernier.  To  obtain  this  reading,  we  begin  at  the  zero- 
point  of  the  vernier  and  look  along  the  graduation  lines 
towards  the  left^  which  is  in  the  opposite  direction  from  that 
followed  on  the  outer  circle,  to  find  a  coinciding  line  on  the 
outer  scale.  By  a  coinciding:  line  we  mean  a  line  on  the 
outer  scale  which  is  a  direct  continuation  of  a  line  on 
the  vernier  scale.  This  line  is  found  to  be  the  eighth  one 
from  the  zero-mark,  and  indicates  8  minutes,  which  must  be 
added  to  the  3°  30'  read  on  the  outer  circle,  giving  3°  30'  + 
08'  =  3°  38'  as  the  correct  reading. 

• 

1115.  To  read  the  position  of  the  vernier  in  Fig.  192, 
we  notice  that  the  zero-point  on  this  vernier  lies  to  the  left 
of  the  zero-point  on  the  outer  scale.  The  graduations  on 
this  scale  increase  numerically  from  its  zero-point  tozvards 
the  left ;  hence,  we  read  the  number  of  degrees  in  the  same 
direction  until  we  reach  the  zero-point  of  the  vernier.  Be* 
ginning  at  zero  on  the  outer  scale,  we  pass  3^  degrees  to  the 
left  before  we  encounter  the  zero  of  the  vernier,  and  the 
next  graduation  beyond  the  zero  of  the  vernier  is  the  4-degree 
marky  which  shows  at  once  that  the  reading  is  between  3^ 


Fig.  1«8. 

degrees  (3°  30')  and  4  degrees ;  that  is,  it  is  34-  degrees  plus 
a  certain  number  of  minutes  yet  unknown.  This  number 
of  minutes  is  read  upon  the  vernier.  To  obtain  this  read- 
ing, we  begin  at  the  zero-point  of  the  vernier  and  look  along 
the  graduation  lines  towards  the  right ^  which  is  in  the  opposite 
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direction  from  that  followed  on  the  outer  circle,  to  find 
a  coinciding  line.  By  doing  this,  however,  we  find  that  the 
extreme  right-hand  graduation  on  the  vernier  is  reached 
without  coming  to  a  coinciding  line.  We  then  begin  at  the 
extreme  left  end  of  the  vernier,  where,  it  will  be  noticed,  the 
graduation  mark  reads  i5,  just  as  at  the  other  end,  and  read 
from  the  left  end  toioards  the  zero  of  the  vernier,  counting 
the  minutes  as  shown  by  the  top  row  of  figures.  It  will  be 
seen  that  the  26th  line  coincides  with  a  line  on  the  outer 
circle ;  hence,  26  minutes  must  be  added  to  the  reading  pre- 
viously obtained  on  the  o\iter  circle,  giving  3°  30'  +  ^6'  = 
3°  56'  as  the  position  of  the  zero  of  the  vernier  in  Fig.  192. 


AZIMUTHS  AND  BEARINGS. 

1 1 1 6.     The  true  azlmutli  of  a  line  is  the  angle  the 
line  makes  with  a  true  meridian  measured  from  the  north 


96^ 


180' 

Pig.  193. 

muth  of  a  line  referred  to  a  given  line  is 
the  angle  formed  by  the  line,  with  the 
prolongation  of  the  given  line,  or  a  par- 
allel to  it,  drawn  through  the  angular 
point,  the  measuring  being  made  around 
to  the  right.  Thus,  in  Fig.  194,  the 
azimuth  oi  B  D  referred  to  yl  ^  is  the 
angle  FB  D\  the  azimuth  oi  D  E  re- 
ferred to  A  B  is  the  angle  H D  E, 


point  as  zero,  around  in  the 
direction  N-E-S-W  toN.  As 
the  angle  is  limited  only  by 
the  full  circumference,  the 
value  of  the  azimuth  varies 
from  0^  to  360°.  Thus,  in 
Fig.  193,  an  azimuth  meas- 
ured from  the  point  A^  as  0"" 
around  to  the  right,  passes 
W  at  E,  ISO""  at  5,  270''  at  W, 
and  reaches  360^^  at  A\ 
The  azi- 


PlO.  194, 
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1117.     The  true  bearing  of  a  line  is  the  angle  the  line 
makes  with  a  true  meridian,  and  the  magnetic  bearlnfl^ 

is  the  angle  it  makes  with  a  magnetic  meridian,  the  measure- 
ment in  both  cases  being  made  from  the  N  and  S  points  as 
0°,  to  the  E  and  W  points  as  90°.  Bearings  may  be  referred 
to  any  line,  called  the  assumed  meridian,  in  which  case, 
however,  it  should  be  remembered  that  they  are  determined 
from  their  azimuths  with  respect  to  the  same  line,  as  will  be 
explained  later.  Being  limited  in  size  to  a  quadrant,  bear- 
ings vary  in  value  from  0°  to  90°.  Thus,  in  Fig.  193,  the 
bearing  of  any  line,  between  N  and  E  or  N  and  Wis  greater 
than  ^°,  and  less  than  ^^°,  and  the  bearing  of  any  line  between 
S  and  E  or  S  and  ^Fis  likewise  greater  than  ^°,  and  less  than 
90^,  Because  there  are  four  quadrants,  the  position  of  the 
line  or  bearing  is  definitely  established  only  when  the  angle 
in  degrees  and  minutes  is  accompanied  by  the  letters  of  the 
quadrant  points  between  which  it  lies.  Thus,  lines  bearing 
N  45°  E  and  S  45°  W  go  in  exactly  opposite  directions,  while 
two  others  bearing  N  45°  E  and  S  45°  E,  respectively,  make 
an  angle  of  90°  with  each  other. 


TO  DETERMINE  A  TRUE  MERIDIAN  BY  MEANS 

OF  THE  POLAR  STAR. 

1118.     Of  the  bright  stars  in  the   northern   heavens. 


the  nearest  to  the  pole  is  the  first 
star  in  the  tail  of  the  Little 
Bear.  This  star  is  called  the  Polar 
8tar»  and  may  be  located,  from  the 
fact  that  it  is  in  line  with  Alpha 
and  Beta  of  the  Great  Bear  (see 
Fig.  195),  and  at  a  distance  from 
Alpha  of  about  5  times  the  distance 
between  Alpha  and  Beta,  measuring 
in  the  direction  from  Beta  to  Alpha. 
The  Polar  star  very  nearly 
coincides  with  the  North  pole,  be- 
ing  less   than   1°  17'   from    it.     It 


\^olar  star 


^AXioih 
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revolves  about  the  pole,  and  twice  in  each  revolution  it  is 
exactly  in  the  true  meridian ;  that  is,  in  a  vertical  plane  pass- 
ing through  the  true  pole.  We  can  tell  when  the  Polar  star 
is  in  the  true  meridian  by  its  relative  position  to  another  star 
called  Alioth,  which  is  in  the  tail  of  the  Great  Bear,  or 
Great  Dipper,  as  it  is  sometimes  called,  and  nearest  the  four 
stars  that  form  the  quadrilateral  in  that  constellation. 

11 19.  In  order  to  determine  the  true  meridian,  sus- 
pend from  a  firmly  embedded  stick,  inclined  either  to  the 
east  or  west,  a  plumb-line,  allowing  the  plumb-bob  to  rest 
in  a  pail  of  water  to  lessen  the  vibrations.  It  is  a  good 
plan,  where  convenient,  to  suspend  the  plumb-line  from  a 
stick  projecting  from  an  east  or  west  window  in  the  higher 
stories  of  a  house.  Then,  south  of  the  plumb-line,  at  a 
distance  not  farther  than  where  neither  of  the  stars  (Polar 
star  and  Alioth)  can  be  seen  above  the  string,  place  a 
smooth  board  horizontally  upon  two  stakes,  driven  into  the 
ground  so  as  to  form  a  sort  of  bench,  running  east  and 
west.  Upon  this  place  one  of  the  compass  sights,  or  any- 
thing having  a  small  hole  in  it  to  look  through.  Adjust  the 
sight  upon  the  board  until  it  comes  exactly  in  line  with  the 
plumb-line  and  Polar  star,  and  keep  it  in  line  by  moving 
the  eye  and  sight  along  the  board  in  the  opposite  direction 
to  that  in  which  the  Polar  star  moves,  until  the  star  Alioth 
also  falls  exactly  back  of  the  string.  At  this  instant  the 
sight  and  plumb-line  will  be  in  the  true  meridian,  or  very 
nearly  so.  The  true  meridian  will  be  more  accurately 
located  if  the  sight  is  taken  upon  the  North  star  about  17 
minutes  after  the  star  Alioth  and  the  North  star  fall  directly 
behind  the  plumb-line.  The  plumb-line  and  the  sight  may 
be  left  till  morning,  when  points  marking  the  true  meridian 
should  be  fixed  in  the  ground. 

1120.  The  transit,  which  will  be  described  later,  may 
also  be  used  to  determine  the  true  meridian.  It  is  set  up  at 
some  suitable  place,  directed  to,  and  held  upon,  the  North 
star  until  17  minutes  after  the  star  Alioth  and  the  North  star 
fall  directly  behind  the  vertical  cross-wire,  when  the  line  of 
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sight  will  coincide  with  the  true  meridian.  Points  should 
be  fixed  immediately,  a  lamp  being  used  to  illuminate  the 
cross-wires.  .  It  is  a  great  convenience  to  know  about  the 
time  the  above  stars  and  the  point  from  which  the  observa- 
tion is  to  be  taken  are  in  the  same  meridian  plane.  The 
student  must  bear  in  mind  that  in  this  method  of  determin- 
ing the  true  meridian,  the  North  star  is  sighted  to  while 
above  the  true  north. 

Table  26  gives  the  time  at  which  the  North  star  passes 
the  meridian  aboife  the  pole  for  every  tenth  day  in  which 
the  North  star  will  be  visible  at  night  and  within  almost 
every  latitude  of  the  United  States. 


TIME  OF  NORTH  STAR  PASSING  THE  MERIDIAN. 


TABL.B    26. 


Months. 

1st  Day. 

11th  Day. 

21st  Day. 

January  

6.30  P.M. 
4.33  A.M. 

2.31  A.M. 
12.34  A.M. 
10.28  P.  M. 

8.30  P.M. 

5.51  P.M. 
3.53  A.M. 

1.52  A.M. 
11.50  P.M. 

9.48  P.  M. 
7.50  P.M. 

5  11  P  M 

Auffust 

t/ .  X  X      X    .     XIX  a 

3  14  A  M 

^^^c»              ........... 

September 

October 

Cf  .  X  ^     XX.    XwX  . 

1.12  A.M. 
11  11  P  M 

November 

December 

X  X  .  X  X      X    .     XwX  ■ 

9.09  p.  M. 
7  11  P  M 

1  •  X  X      X    .     XTX . 

HOW  TO  MAKE  A  COMPASS  SURVEY. 
1121.  The  accompanying  illustration,  Fig.  196,  will 
give  the  student  an  idea  of  the  actual  operation  of  making  a 
survey  with  the  compass.  The  point  ^  is  a  station, 
marked  by  a  stake,  driven  into  the  ground,  with  a  tack 
in  its  head,  the  plumb-bob  attached  to  the  compass  being 
made  to  hang  directly  over  the  tack.  When  this  has  been 
done,  the  compass  plate  is  leveled.  The  fores! sTtit-man 
is  sent  forward  to  station  B^  upon  which  he  holds  a  flagpole. 
The  north  side  of  the  compass  is  turned  towards  B, 
and  the  observer  looks  through  the  uprights  and  turns 
the  compass  plate  until   the  vertical   hair   in   the   upright 
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on  the  north  side  cuts,  or  coincides  with,  the  flagpole 
held  vertically  on  B.  When  this  has  been  done,  the 
compass  will  be  in  the  position  shown  at  A  in  Fig.  106. 
The  top  of  the  page  being  north,  the  bottom  south,  the 


FIG.  196. 


right  east,  and  the  left  west,  the 
compass,  pointing  somewhat  to  the 
right  of  north,  must  evidently  be 
pointing  northeast.  This  statement 
is  verified  by  the  compass  itself,  as 
shown  in  the  illustration.  The  read- 
ing of  the  needle  is  now  taken  and 
recorded  in  the  column  of  ''bear- 
ings.*' This  reading  is,  according 
to  Fig.  190,  NSO""  E.  The  horizontal 
distance  from  A  to  B  is  also  measured,  and  is  recorded  in 
the  column  of  ''distances."     This  distance  is  300  feet. 

The  instrument  is  now  moved  forward  to  By  where  it  is 
plumbed  and  leveled  as  it  was  at  y^.  A  sight  (called  back- 
slffht)  is  then  taken  to  the  flagpole  held  on  the  tack  at  A. 
In  this  position,  the  needle  reading  in  degrees  and  fractional 
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parts  of  a  degree  should  be  the  same  as  it  was  at  A^  but 
the  direction  should  be  diametrically  opposite.  In  other 
words,  the  backsight  should  read  S  30°  W.  This  precaution 
of  backsighting  is  taken  to  detect  any  local  attraction  that 
may  exist  at  either  station.  If  the  two  readings  very  nearly 
agree,  they  may  be  considered  correct ;  if  there  is  a  wide 
divergence  in  the  two,  it  is  probable  that  there  is  local  mag- 
netic attraction  at  one  or  the  other  of  the  stations,  and 
neither  one  can  be  depended  upon  unless  further  investiga- 
tion is  made  to  prove  at  which  point  it  exists.  One  method 
that  can  be  followed  is  to  take  readings  on  the  line  of  sight 
at  intermediate  distances;  as,  for  instance,  at  100  feet  and 
at  200  feet  from  A,  Should  the  bearings  at  both  of  these 
intermediate  points  agree  with  the  bearing  at  either-^  ori?, 
such  agreement  would  show  which  of  the  two  is  correct,  and 
which  should  be  adopted. 

The  foresight-man  is  sent  forward  to  station  C,  upon 
which  he  holds  the  flagpole,  and  the  compass,  properly  set 
over  B^  is  sighted  upon  it.  Its  position  when  so  sighted  is 
shown  at  B  in  the  figure. 

The  needle  is  read  and  its  bearing,  N  SO""  E^  is  recorded 
in  the  proper  column  in  the  note-book.  The  horizontal  dis- 
tance from  i?  to  C  is  likewise  measured  and  recorded ;  it  is 
found  to  be  220  feet. 

The  instrument  is  then  moved  forward  to  C,  plumbed  and 
leveled,  and  a  backsight  taken  upon  B.  If  the  forward  and 
backsights  at  A  and  B^  respectively,  have  disagreed  for  the 
first  course,  and  the  forward  and  backsights  at  B  and  C,  re- 
spectively, have  agreed  for  the  second  course,  it  is  evident 
that  the  attraction  is  at  yl,  and  the  backsight  on  that  sta- 
tion from  B  can  be  relied  upon.  The  same  operations  are 
repeated  through  the  entire  survey. 


COMPASS  MTORK  IN  THB  MINBS. 

1 1 22«  Every  mine  official  should  be  thoroughly  familiar 
with  the  surveyor's  compass,  so  as  to  be  able  to  use  it  for 
various  purposes  and  under  all  conditions  that  arise  in  mi- 
ning work.     It  is  true  that  in  some  mines  nearly  all  the 
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work  is  done  without  the  use  of  compass  lines,  in  which  case 
the  fact  is  at  once  apparent  upon  examination  of  the  map 
of  the  workings.  The  map  makes  it  equally  plain  that  the 
work  could  have  been  done  much  better  had  the  entries  and 
chambers  been  driven  on  established  lines.  It  is  so  done  in 
nearly  every  mine  in  charge  of  thoroughly  competent 
officials. 

Probably  the  simplest  operation  for  which  the  compass  is 
used  is  in  the  location  of  two  points  to  serve  as  a  guide  in 
driving  an  opening  in  a  particular  direction.  Local  condi- 
tions make  it  necessary  to  vary  the  usual  method  to  suit  the 
special  case. 

1 1 23.  The  entry  shown  at  the  bottom  of  Fig.  197  was 
driven  first,  and  when  it  reached  the  point  where  Sta.  101  is 
located,   it  was  found   necessary  to  change  its  direction. 


Stas.  100,  101,  and  103  were  put  in  by  the  regular  surveyor 
with  the  use  of  the  transit,  which  makes  the  bearing  of  their 
connecting  lines  known. 

The  mine  foreman,  having  examined  this  section  of  the 
mine,  decides  upon  the  proper  angle  which  the  center  lines 
of  the  chambers  must  make  with  the  line  of  dip  of  the 
seam.  He  then  takes  a  tracing  of  the  entry,  which  is  made 
for  his  use  by  the  mine  surveyor,  on  which  the  north  and 
south  line  (meridian)  is  marked,  and  draws  the  center  lines 
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of  the  breasts  in  the  direction  decided  upon,  and  as  far 
apart  as  the  nature  of  the  seam  requires. 

Having  been  told  by  the  surveyor  that  the  direction  of 
the  line  from  Sta.  100  to  Sta.  101  is  S  G7°  20'  E,  and  having 
found  with  theaid  of  a  protractor  that  the  center  lines  he 
has  drawn  on  the  tracing  run  N  (32°  E,  he  is  prepared  to  go 
into  the  mines  and  put  up  points  for  the  center  lines. 
Arriving  at  Sta.  100,  he  sets  the  compass  directly  under  it  (the 
stations  are  supposed  to  be  in  the  roof),  levels  it,  unclamps 
(lowers)  the  needle,  and  sights  to  Sta.  101.  Upon  reading 
the  needle,  after  it  has  settled,  he  finds  that  it  indicates  a 
bearing  of  S  G7°  15'  E,  which  is  practically  the  same  as  the 
bearing  found  by  the  transit  survey,  and  shows  that  no 
local  attraction  is  influencing  the  needle. 

A  chamber  being  desired  opposite  Sta.  100,  the  compass 
plate  is  turned  until  the  north  end  of  the  needle  points  to 
N  62°  E.  An  assistant  is  then  directed  to  hold  his  light 
against  the  roof,  in  line  with  the  compass  sights,  through 
which  the  foreman  is  looking  and  guiding  the  position  of 
the  light.  The  point  in  line  having  been  found  and  marked 
with  a  piece  of  chalk  carried  for  the  purpose,  a  hole  about 
1  inch  in  diameter  is  drilled  into  the  roof  and  a  wooden  plug, 
tapering  to  a  slightly  larger  diameter,  driven  firmly  into  it. 
An  ordinary  nail  is  held  against  the  plug,  and  the  light  is 
held  back  of  the  nail,  so  that  it  can  be  seen  through  the 
compass  sights.  The  nail  is  moved  as  the  foreman  looking 
through  the  sights  may  direct,  and  when  it  ** coincides" 
with  the  vertical  hair  in  the  sight  it  is  driven  into  the  plug 
to  within  ^  inch  of  its  head.     This  completes  the  operation. 

As  this  point  is  necessarily  close  to  Sta.  100,  it  may  be 
advisable  to  locate  another  point  on  the  lower  (right-hand) 
side  of  the  entry,  as  more  accurate  results  are  obtained 
when  the  sight  points  are  farther  apart ;  besides,  it  will  then 
be  unnecessary  for  the  miner  to  make  use  of  Sta.  100,  for 
in  doing  so  he  might  injure  or  destroy  it.  This  second 
point,  being  in  a  direction  exactly  opposite  the  first  one, 
requires  the  compass  to  be  turned  through  180°,  or  a  half 
circle,    when    its   needle   will    read    S  G2°  W.      When    the 
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compass  is  in  this  position,  the  point  is  put  in  the  roof  in  ex* 
actly  the  same  way  that  the  first  one  was. 

1 1 24,  Let  us  take  another  case,  where  the  operation  is 
not  quite  so  simple,  as,  for  instance,  where  the  needle  is 
influenced  by  local  attraction.  Suppose  that  the  compass 
when  set  up  at  Sta.  100  and  sighted  fo  Sta.  101  had  given  a 
needle-reading  of  S  58°  45'  E,  instead  of  S  67°  20'  E,  the  proper 
bearing  furnished  by  the  mine  surveyor.  Evidently,  it 
would  not  be  right  to  turn  the  compass  until  the  needle 
gives  a  reading  of  N  02°  E,  for  that  would  necessitate  its 
being  turned  through  a  greater  angle  than  in  the  previous 
case,  and  certainly  both  can  not  be  correct.  The  remedy, 
however,  is  simple.  The  reading  S  58°  45'  E  is  8°  35'  to  the 
right  of  the  true  reading,  since  67°  20'  -  58°  45'  =  8°  35'. 
This  correction  must  be  made  to  the  bearing  of  the  center 
line  of  the  chamber.  A  line  passing  8°  35'  to  the  right  of 
one  running  N  02°  00'  E  will  have  a  bearing  of  62°  00'  + 
8°  35'  =  N  70°  35'  E.  Consequently,  if  the  compass  is  turned 
until  the  north  end  of  the  needle  points  to  N  70°  35'  E 
(N  70°  30'  E  is  near  enough),  the  sight  points  can  be  put  in 
and  will  be  correct. 

The  local  attraction  influencing  the  needle  may  deflect  it 
in  the  opposite  direction ;  that  is,  the  bearing  from  Sta.  100 
to  Sta.  101,  as  shown  by  the  compass-needle,  might  be  S  73° 
30'  E.  In  this  case  there  is  a  difference  of  6°  10'  between 
the  true  and  observed  bearing,  since  73°  30'  —  67°  20'  = 
6°  10',  the  needle  being  deflected  to  the  left  that  amount. 
Correcting  the  bearing  of  the  center  line  of  the  chamber  by 
6°  10'  to  the  left  makes  it  N  55°  50'E,  since  62°  00'  -  6°  10'= 

55°  50'. 

11 25.  Other  chambers  are  to  be  started  from  this 
entry,  the  center  lines  of  all  to  be  parallel.  For  this  pur- 
pose, the  compass  is  set  under  Sta.  100  and  sighted  to  Sta. 
101,  no  notice  whatever  being  taken  of  the  needle-reading. 
It  is  necessary  to  calculate  the  distance  that  must  be  laid 
off  ofi  the  entry  between  the  center  lines,  for  it  will  be 
noticed  that  this  distance  is  not  the  same  as  that  measured 
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at  right  angles  to  the  center  lines.  These  calculations  will 
be  explained  later.  The  points  a^  b^  and  c  are  put  in  on  the 
line  of  sight  between  Stas.  100  and  101,  at  distances  apart 
as  determined  by  calculation,  and  the  operation  of  putting 
in  sight  points  at  each  of  them  is  exactly  the  same  as 
already  described  for  Sta.  100.  It  must  not  be  taken  for 
granted,  however,  that  there  will  be  nothing  at  these  points 
to  deflect  the  needle  if  no  attraction  existed  at  Sta.  100. 
As  the  compass  is  set  up  at  each  one  of  these  points,  the 
precaution  must  be  taken  to  backsifflit  to  Sta.  101  or  to 
Sta.  100,  when  the  needle-reading  should  be  N  67°  20'  E,  or 
S  67°  20'  W,  respectively. 

1126.  At  Sta.  101,  the  direction  of  the  entry  changes, 
its  bearing  to  Sta.  102  being  S  50°  E.  On  this  line  of  sight, 
the  points  d^  c^f^  and  g  are  located,  from  which  sight  points 
are  to  be  put  in,  but  rf,  e^  /",  and  g  will  not  be  the  same  dis- 
tance apart  that  ^,  b^  and  c  are,  because  of  the  change  in 
direction  of  the  entry.  This  change  in  direction,  however, 
does  not  change  the  compass  work ;  that  is,  if  the  compass 
set  at  d^  for  example,  and  sighted  to  Sta.  102  gives  a  needle- 
reading  of  S  50°  E,  it  must,  as  before  explained,  be  turned 
until  the  needle  reads  N  62°  E,  in  order  to  properly  put  in 
the  sight  points.  In  case  the  needle  is  deflected  from  its 
proper  position  at  any  one  of  the  points  //,  ^,  y,  or  g^  the 
correction  is  exactly  the  same  in  kind  and  application  as 
previously  explained. 

1 1 27.  The  work  of  extracting  the  coal  from  the  cham- 
bers having  progressed  until  the  faces  reach  a  point  or.  Fig. 
197,  it  becomes  necessary  to  put  in  new  sight  points  near 
the  face,  in  order  that  the  proper  direction  may  be  continued, 
the  first  points  having  become  unreliable  guides  because  of 
the  distance.  The  compass  is  again  set  up  at  Sta.  100, 
sighted  to  Sta.  101,  and  a  needle-reading  taken.  This  is 
done  to  determine  the  presence  or  absence  of  local  attrac- 
tion, for  the  progress  of  events  since  the  first  points  were 
put  up  may  have  brought  such  attracting  objects  as  sheet 
iron,  iron  rails,  etc.,  near  this  spot.     The  fact  that  the  needle 
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showed  the  proper  reading  upon  one  occasion  is,  there- 
fore, no  guarantee  that  it  will  do  likewise  upon  any  other. 
Whether  there  is  attraction  or  not,  the  compass  is  then 
turned  until  the  sights  point  in  the  proper  direction.  In 
case  there  is  attraction,  a  check  upon  the  correctness  of  this 
direction  is  had  by  suspending  a  plumb-line  from  the  point 
previously  put  in  near  the  mouth  of  the  chamber.  The 
compass  sights  must  show  this  line  to  be  in  the  newly  de- 
termined direction. 

A  sight  is  now  taken  towards  the  face  of  the  chamber,  and 
a  point  i  is  located  in  the  roof  in  front  of  (preferably)  the 
beadlns,  or  cross-liole  //.  The  usual  plug  is  driven  at  /, 
and  a  nail  is  driven  into  this  plug  exactly  in  line  with  the 
compass  sights.  A  second  point  k  is  put  in  nearer  the  face 
in  exactly  the  same  way. 

The  points  i  and  k  could  have  been  put  up  by  setting  the 
compass  at  Sta.  100  and  sighting  to  the  point  previously  put 
in  near  the  mouth  of  the  chamber  to  give  the  proper  direction. 

In  the  same  way,  new  points  can  be  put  up  in  each  of  the 
other  chambers  by  setting  the  compass  at  the  points  a^  b^  r, 
etc.  Suppose,  however,  that  a  fall  of  roof  has  occurred  in 
the  entry  at  the  second  chamber,  which  has  carried  down 
the  point  a^  as  well  as  the  two  sight  points  previously  located 
there.  With  the  compass  set  at  Sta.  100,  a  new  point  could 
be  put  in  at  exactly  the  same  place  occupied  by  the  destroyed 
point  a^  and  the  points  put  in  the  chamber  from  it.  How- 
ever, the  location  of  the  point  i  in  the  first  chamber  opposite 
the  cross-hole  //  makes  the  reestablishment  of  the  point  a 
superfluous. 

The  compass  is  set  up  at  i  and  a  sight  taken  upon  Sta.  100, 
when,  if  there  is  no  local  attraction,  the  needle-reading  will 
be  S  62°  W.  The  compass  sights  are  then  turned  to  the  left 
through  an  angle  of  90°,  which  will  give  a  needle-reading  of 
S  28°  E,  if  the  previous  reading  was  S  G2°  W.  If  there  is 
local  attraction  at  /,  so  that  the  backsight-reading  to  Sta. 
100  is  not  S  62°  W,  the  compass  is  turned  through  an  angle 
of  90°  just  the  same.  If  the  center  lines  of  the  chambers  are 
45  feet  apart,  that  distance  is  laid  off  through  the  cross-hole 
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A,  and  the  point  /  is  put  in  the  roof  in  the  line  of  sight. 
The  point  /  so  established  is  on  the  center  line  of  the  second 
chamber,  and  with  the  compass  set  up  there,  two  points  are 
put  in  near  the  face  of  the  chamber  in  the  usual  manner. 

1 1 28.  The  preceding  explanation  shows  the  manner  in 
which  work  should  be  done  if  the  results  must  be. as  nearly 
correct  as  it  is  possible  to  make  them.  A  beginner  should 
follow  this  method  precisely,  and  experience  will  teach  him 
where  and  to  what  extent  the  careful  process  may  be  modi- 
fied.    A  few  suggestions  in  this  direction  are  here  given. 

Suppose,  in  chamber  No.  5,  the  two  new  sight  points  ;// 
and  n  were  placed  beyond  the  cross-hole  o,  A  chalk-mark 
is  made  on  the  center  line  opposite  this  cross-hole,  and  a 
4o-foot  measurement  taken  from  the  point  so  marked  through 
the  cross-hole,  and  as  nearly  at  a  right  angle  to  the  center 
line  as  can  be  estimated.  The  point  /,  so  determined  in 
No,  6  chamber,  is  marked  with  chalk,  and  the  compass  set 
over  it.  A  check  upon  the  accuracy  of  this  operation  is 
made  by  sighting  to  the  chalk-mark  in  N^o.  5  chamber ;  the 
needle-reading  then  obtained  should  approximate  N  28°  E. 
It  is  evident  that  the  point  /  will  be  nearer  the  correct  center 
line  of  No.  6  chamber  the  nearer  the  measurement  comes 
to  being  at  right  angles.  If  it  is  not  at  right  angles,  the  two 
center  lines  will  be  too  close  together.  Let  us  see  how  much 
of  an  error  in  judging  the  right  angle  must  be  made  to  bring 
the.center  lines  1  foot 
too  close;  that  is,  to 
make  them  44  feet 
apart  instead  of  45 
feet. 

1129.  In  Fig. 
198,  X  jy  and  x'  y'  are 
the  center  lines  of 
two  adjoining  cham- 
bers, the  distance  a  d  '^^^^  i^- 

between  them  being  45  feet.  The  line  ;;/  ;/,  parallel  to  x^  f  ^ 
is  distant  from  it  a  length  b  d  equal  to  1  foot.     The  length 
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a  c  shows  the  erroneous  position  of  the  45-foot  measurement, 
which  brings  the  center  lines  1  foot  too  close  together. 
In  the  triangle  a  b  c^  right-angled  at  by  we  have 

,      ab 

cos  cab^=^  — . 

ac 

« 

But  ab  —  ad—bd^\ih  —  1  =  44  feet,  and  ac  =  45  feet. 

rt  ^      44 
Then,    cos  cab  =^  —  =  -. ;;  =  .97777,    which    corresponds 

a  c      Aib 

nearly  to  an  angle  of  12°  06'.    (See  table  of  Natural  Cosines.) 
In  the  triangle  a b eyre  also  have 

be  =  Va7—  aff  =  |/45' -  44'  =  f '2,025  -  1,936  =  i/89  = 
9.4  feet. 

It  is  not  likely  that  any  one  capable  of  doing  compass 
work  would  be  so  lacking  in  judgment  as  to  make  an  error 
of  12°  06',  or  of  9.4  feet,  in  performing^so  simple  a  piece  of 
work  as  that  described. 

1130*  The  distance  between  the  chambers,  or  rooms, 
measured  along  the  entry,  may  be  determined  by  the  fol- 
lowing formula: 

D  =  -J-^,  (78.) 

sm^  ^        ' 

where  D  =  the  required  distance;  /  =  the  perpendicular,  or 
right-angle  distance  between  the  chambers,  which  is  always 
known,  being  determined  by  the  foreman,  as  previously 
stated ;  and  A  is  the  angle  formed  by  the  intersection  of  the 
center  lines  of  the  entry  and  the  chamber. 

Applying  formula  78,  the  distance  between  the  center 
lines  of  the  chambers,  measured  along  the  entry  between 
Stas.  100  and  101,  Fig.  197,  can  be  found.  The  bearing  of 
the  line  a  b\sS  67°  20'  E,  and  that  of  the  line  ^  /  is  N  62°  E, 
making  the  angle  b  a  I  equal  to  50°  40'.  The  perpendicular 
distance  between  the  rooms  is  45  feet.  Substituting  these 
values  in  formula  78,  we  have 
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LATITUDES    AND    DEPARTURES. 

1 131.  The  latitude  of  a  point  is  its  distance  north  or 
south  of  some  **  parallel  of  latitude,"  or  line  running  east  and 
west.  The  departure  of  a  point  is  its  distance  east  or 
west  of  some  meridian,  or  line  running  north  and  south.  It 
is  the  same  as  the  longitude  of  the  point. 

In  compass  surveying,  the  magnetic  meridiaft  is  the  line  from 
which  the  departures,  or  longitudes,  of  points  are  measured. 
The  distance  which  one  end  of  a  line  is  due  north  or  south 
of  the  other  end  is  the  difference  of 
latitude  of  the  two  ends  of  the  line, 
and  is  called  the  northlns  or 
souttilns  5  or,  simply,  the  latitude 
of  the  end  considered. 

The  distance  which  one  end  of 
a  line  is  due  east  or  west  of  the  other 
end  is  the  difference  m  longitude  of 
the  two  ends  of  the  line,  and  is 
called  the  eastlns  or  ^westing ; 
or,  simply,  the  departure. 

The  meaning  of  these  statements  ^" 
will  be  made  clearer  by  consulting 
Fig.  199. 

1132.  To  show  how  to  find  the 
latitude  and  departure  of  any  line  or 
course   whose   direction   or   bearing  fig.  199. 
from  any   meridian   is  known,   take  an  example: 

Station.  Bearing.  Distance. 

1-2  N  32°  E  200' 

In  the  accompanying  diagram.  Fig.  190,  the  direction  of 
the  compass-needle  is  represented  by  the  north  and  south 
line,  the  parallel  of  latitude  by  the  east  and  west  line,  and 
the  given  course  by  the  line  1-2^  whose  direction  is  N  32°  E, 
and  length  is  200  feet. 

The  latitude,  then,  according  to  the  definition,  will  be 
represented  by  the  line  1-^i,  the  distance  which  the  point  2 
(one  end  of  the  line)  is  due  north  of  the  point  i,  the  other  end. 
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The  departure^  according  to  the  definition,  will,  similarly, 
be  represented  by  the  line  2S. 

The  question  of  finding  the  latitude  and  departure  resoives 
itself  into  calculating  two  sides  of  a  right-angled  triangle, 
one  angle  of  which,  besides  the  right  angle,  is  known,  and 
also  the  length  of  one  side,  the  hypotenuse.     See  Fig.  200. 

Departure  =  side  opposite  =  sine  X 
BUs  Oppotiie,         hypotenuse   =   sine    32°    X    200    ft. 

Since  sine  32°  =  .52992,  departure  = 
.52992  X  200  ft.  =  105.984  ft. 

Latitude  =  side  adjacent  =  cosine 

X  hypotenuse  =  cosine  32°  X  200  ft. 

f  I  /  Since  cosine  32°  =  .84805,  latitude  = 

.84805  X  200  ft.  =  169.61  ft. 


Pig.  200. 


1133.  The  latitudes  and  de- 
partures of  any  distance  for  any 
bearing  can  be  found  by  the  method 
given  above,  with  the  use  of  a  table 
of  natural  sines  and  cosines.  But  to 
facilitate   these   calculations,    which 

are  of  so  frequent  occurrence,  the   Traverse  Tables   have 

been  prepared. 

1134.  Following  are  the  notes  of  a  compass  survey, 
which  we  will  traverse,  in  order  to  show  how  to  apply  the 
preceding  principles  to  actual  surveys: 


Station. 

Bearing. 

1-2 

N  67°  45'  E 

2-3 

N  16°  30'  E 

3-4 

N  53°  30'  W 

3-5 

S  22°  15'  E 

5-1 

N  73°  45'  W 

4-6 

S  58°  45'  W 

6-7 

S  11°  30'  E 

7-1 

N  34°  15'  E 

Distance. 


223.8 
198.2 
197.5 
430.3 
441.7 
378.1 
406.8 
245.0 
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1135«  As  the  latitude  of  a  course  may  be  either  north 
or  south,  and  the  departure  either  east  or  west,  four  columns 
must  be  added  to  the  preceding  form  of  notes,  headed 
north,  south,  east,  west,  in  which  the  calculated  values  are 
placed.  It  is  also  customary  to  determine  the  latitude  and 
departure  of  each  station  with  reference  to  the  first  station 
of  the  survey,  for  which  four  more  columns  for  the  total 
north,  south,  east,  and  west  are  necessary.  In  Art.  1 1 37 
will  be  found  a  table  giving  the  form  of  the  calculated 
notes. 

1136.  It  may  be  well  to  call  attention  to  the  fact  that 
when  the  bearing  is  less  than  45°  the  departure  is  less  than 
the  latitude,  and  when  the  angle  of  the  course  is  greater 
than  45°  the  departure  is  greater  than  the  latitude.  This 
shows  at  a  glance  whether  a  mistake  has  been  made  in 
writing  the  latitude  for  the  departure  and  the  departure  for 
the  latitude,  which  error  is  sometimes  made  in  placing 
these  numbers  in  the  columns  headed  N,  S,  E,  and  W. 
Having  done  this  correctly,  as  shown  in  the  preceding 
notes,  the  latitude  and  the  departure  of  each  station  show 
its  distance  north  or  south  and  east  or  west  of  the  preceding 
station.  From  these  we  can  calculate  the  latitude  and  de- 
parture of  each  station  with  reference  to  Sta.  1. 

1 137.  In  Fig.  201,  the  lines  2  a  and  2  b  show  the  dis- 
tance that  Sta.  2  is  north  and  east  of  Sta.  1.  Similarly,  the 
lines  S  c  and  2  c  show  the  distance  that  Sta.  3  is  north  and 
east  of  Sta.  2.  At  the  same  time  the  lines  S  d  and  3  e  show 
the  distance  that  Sta.  3  is  north  and  east  of  Sta.  1.  But 
Sd—  2a  +  3c,  and  3e  =  2  d  +  2 c.  Since  2a  =  84.7  and 
3c  =  lW.0,thtn3d=2a  +  3c  =  S^.7 +  190.0  =  27^.7  ft.,  the 
total  latitude  (in  this  case  northing)  of  Sta.  3,  which  num- 
ber is  placed  in  the  **  total  N**  column  opposite  Sta.  3  in  the 
first  column  at  the  left.  Also,  2  d  =  207.1  and  2  c=  56.3, 
then  3  e  =  2  b  +  2  c=  207.1  +  56.3  =  263.4,  which  is  the 
total  departure  (in  this  case  easting)  of  Sta.  3,  and  is  placed 
in  the  **  total  E  "  column  opposite  Sta.  3. 

The  lines  4/ and  .^/ show  the   distance   that   Sta.  4   is 
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north  and  west  of  Sta.  3,  and  Ji.g  and  ^//  show  the  distance 
it   is  north   and   east  of    Sta.  1.     But  <4<^  =  ^^  +  -iyi  and 
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J^/t  =  3e^  Sf.  Since 
J^=2T4.7  and  -^/ = 
117.5,  then  4^=^^  + 
4/=  274.7  +  117.5  = 
392.2,  the  total  latitude 
(in  this  case  northing) 
of  Sta.  4  with  reference 
to  Sta.  1,  which  is  placed 
in  the  '*  total  N"  col- 
umn opposite  Sta.  4. 
Also,  J  ^'  =  263.4  and 
J/=  158. 8,  so  that  ^  //  = 
^r-^/=263.4-158.8= 
104.6  ft.,  the  total  de- 
parture  (in  this  case 
easting)  of  Sta.  4,  which 
is  placed  in  the  '*  total 
E "  column  opposite 
Sta.  4. 

The  lines  5  k  and  3  k 
show  the  distance  that 
Sta.  5  is  south  and  east 
of  Sta.  3,  and  51  and 
Bin  show  how  far  it  is 
south  and  east  of  Sta.  1. 
But  5/=^>&  — 5//,  and 
5  m  =  3  e  -\-  3  k.  Since 
5>^  =  398.3  and  3d  = 
274.7,  then  5/  =  5  k 
-,5^=398.3-274.7= 
123.C  ft.,  the  total  lati- 
tude (in  this  case  south- 
ing) of  Sta.  5,  which  is 
placed  in  the  **  total  S  "column  opposite  Sta.  5.  Also,  ,?r  = 
203.4  and  /y/('=  102.9,  hence  5  m  -  i]  c -\- S  k  —  %{\?»A -^ 
102.9=  420.3  ft.,  the  total  departure  (in  this  case  easting) 
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of  Sta.   5,  which  is  placed  in  the  **  total  E  *'  column  oppo- 
site Sta.  5. 

The  lines  Onsmd  Jf.n  show  the  distance  that  Sta.  6  is 
south  and  west  of  Sta.  4,  and  6p  and  6  r  show  how  far  north 
and  west  it  is  from  Sta.  1.  But  6  p  z=i  J^g  -^  6n^  and  6  r  = 
J^n  —  Jfh,  Since  4^=392.2  and  ^;/  =  196.1,  then  6 p  r= 
J^g—  6  71  =  392.2—  19G.1  =  196.1  ft.,  the  total  latitude  (in 
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this  case  northing)  of  Sta.  6,  which  is  written  in  the 
••total  N"  column  opposite  Sta.  6.  Also,  4n=  323.2  and 
4/1=  104.6,  so  that  6r  =  4n-i/i  =  323.2  -  104.6  =  218.6 
ft.,  the  total  departure  (in  this  case  westing)  of  Sta.  6, 
which  is  written  in  the  ** total  W"  column  opposite  Sta.  6. 

The  lines  6  s  and  7  s  show  how  far  south  and  east  Sta.  7  is 
from  Sta.  6,  and  7  x  and  7 1  show  how  far  south  and  west 
Sta.  7  is  from  Sta.  1.    ^\x\,7  x  =  6s  -  6  p,  and  7t  =  6r-7  s. 
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Since  6s  =  398.6  and  6p  =  196.1,  7 x  —  6 s  ---  6 p  = 
398.6  —  196.1  =  202.5  ft.,  the  total  latitude  (in  this  case 
southing)  of  Sta.  7,  which  value  is  written  in  the  **  total  S  " 
column  opposite  Sta.  7.  Also,  6r  =  218.6  and  7 s=  81.1,  so 
that  7t  =  6r—7s=  218.6  -  81.1  =  137.5  ft.,  the  total  de- 
parture (in  this  case  westing)  of  Sta.  7,  which  value  is 
written  in  the  **  total  W  "  column  opposite  Sta.  7. 

1138.  The  preceding  explanation  should  be  readily 
understood  in  connection  with  Fig.  201.  In  practice,  how- 
ever, these  calculations  are  (or  certainly  should  be)  made 
before  the  survey  is  platted;  hence,  there  is  no  figure  to 
guide  and  check  the  correctness  of  the  work.  On  this  ac- 
count care  must  be  exercised  in  calculating  the  total  lati- 
tudes and  departures  where  more  than  one  station  has  been 
located  from  the  same  station.  For  example,  Stas.  4  and  5 
were  both  located  from  Sta.  3.  The  error  that  is  likely 
to  be  made  is  this  : 

Sta.  3 Total  north      274.7       Total  east      263.4 

(  north  -f  117.5  west  — 158.8 

Sta.  4 \  

( Total  north      392.2      Total  west      104.6 

(  south  —  398. 3  east  —  162. 9 

Sta.  5 \  

( Total  south  6.1       Total  east        68.3 

Here  Sta.  5  is  shown  with  reference  to  Sta.  4,  which  is 
wrongs  for  Sta.  5  is  not  located  from  Sta.  4.  Obvious  as 
this  error  is,  it  is  one  that  can  be  avoided  only  by  continu- 
ally exercising  care.  

MAPPING. 


PLATTING    TO    SCALE. 

11 39.  The  courses  having  been  measured  and  their 
bearings  determined,  by  means  of  the  chain  or  steel  tape 
and  compass,  it  is  now  necessary  to  represent  the  work  upon 
paper,  or  to  make  a  map.  To  do  this,  the  student  must 
learn  how  to  represent  a  line  upon  paper  according  to  some 
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scale,  and  how  to  lay  off  angles.  For  these  purposes  two 
plates  will  be  given,  in  order  that  the  student  will  get  suf- 
ficient practice  to  enable  him  to  do  this  work  accurately  and 
intelligently.  The  details  of  making  a  complete  map,  how- 
ever, will  not  be  given  until  the  student  studies  Transit 
Surveying.  The  plates  for  the  three  sections  of  Mine  Sur- 
veying and  Mapping  are  placed  in  the  volume  of  Geometrical 
Drawing. 

1140.  Platting  to  Scale. — To  reproduce  a  surveyed 
area  on  paper,  it  is  necessary  to  draw  each  line  a  certain 
number  of  times  smaller  than  its  real  size,  the  amount  of 
the  reduction  depending  generally  upon  the  area  to  be 
platted.  For  example,  the  Anthracite  Mine  Law  of  Penn- 
sylvania requires  the  maps  of  the  mine  workings  to  be  drgwn 
to  a  scale  of  100  feet  to  the  inch.  This  means  that  every 
one  hundred  feet  of  actual  measurement  obtained  by  the 
survey  shall  be  represented  on  the  map  by  a  distance  of  one 
inch.  Thus,  if  two  stations  of  a  survey  are  250  feet  apart, 
these  stations,  as  located  on  the  map,  must  be  250  divided 
by  100  =  2.5  inches  apart. 

1141.  The  length  any  line  must  be  drawn  upon  a  map 
to  represent  a  measured  line  to  a  certain  scale  is  obtained 
by  dividing  the  measured  distance  by  the  number  of  feet 
that  one  inch  on  the  map  shall  represent.     Thus: 

50  ft.  to  a  scale  of  100  ft.  to  an  inch  =  -f^\  =  .5  in. 
100  ft.  to  a  scale  of  200  ft.  to  an  inch  =  |gg^  =    .5  in. 

75  ft.  to  a  scale  of  50  ft.  to  an  inch  =  |^  =1.5  in. 
600  ft.  to  a  scale  of  300  ft.  to  an  inch  =  |^  =  2  in. 
etc.,  etc.,  etc. 

Similarly,  the  measured  distance  in  inches  and  decimal 
parts  of  an  inch  between  two  points  on  a  map  or  other 
drawing,  multiplied  by  the  number  of  feet  to  the  inch,  gives 
the  actual  distance,  in  feet,  between  the  points.     Thus: 

2.4  in.  to  a  scale  of  50  ft.  to  an  inch  =  2.4  X  50  =  120  ft. , 
1.8  in.  to  a  scale  of  100  ft.  to  an  inch  =  1.8  X  100  =  180  ft. ; 
2  in.  to  a  scale  of  200  ft.  to  an  inch  =  2  X  200  =  400  ft. ; 
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3.3  in.  to  a  scale  of  300  ft.  to  an  inch  =  3.3  X  300  =  990 
ft. ;  etc.,  etc.,  etc. 

As  an  illustration,  suppose  we  had  a  measured 
distance  of  70  feet  to  lay  off  to  a  scale  of  100 

•  feet  to  an  inch.  By  taking  a  scale  whose  inches 
are  divided  into  10  equal  parts,  as  shown  in  Fig. 
202,  and  laying  off  a  distance  B  A  equal  to  7  of 
the  tenth-divisions,  we  would  be  laying  off  the 
required  distance.  For,  70  feet  to  a  scale  of  100 
feet  to  an  inch  =  ^*^^  =  .  7  in. 

Again,  if  we  had  110  feet  to  lay  off  to  a  scale 
of  50  feet  to  an  inch,  that  distance  would  have  to 
be  made  equal  to  y^^  =  2.2  in.,  which,  in  Fig. 
202,  is  the  distance  A  C. 

Suppose  we  had  a  line  A  D  given  (Fig.  202), 
which  we  knew  had  been  drawn  to  a  scale  of  75 
feet  to  an  inch,  how  many  feet  would  it  repre- 
sent ?     Applying   the    tenth    scale,    we    find    it 

g    measures  3.5  inches;  therefore,  the  distance  A  D 

o    represents  3.5  X  75  =  202.5  ft. 

^  Again,  if  the  line  A  E^  in  the  same  illustration, 
had  been  drawn  to  a  scale  of  30  feet  to  an  inch, 
and  measurement  showed  the  length  /J  -£  to  be 
5  inches,  then  it  would  represent  an  actual  dis- 
tance of  5  X  30  =  150  ft. 

1 142.  It  must  be  remembered  that  only  the 
approximate  distance  can  be  obtained  by  scaling 
a  line  on  a  drawing  and  multiplying  this  length 
by  the  scale  of  the  drawing.  For  instance,  in  the 
last  example  given,  the  actual  distance  might  be 
150.25  feet,  yet  the  line  A  E  would  measure 
5  inches,  as  previously,  for  so  small  a  length  as 
.25  foot  can  not  be  represented  on  a  scale  of  30 
feet  to  the  inch.  In  general,  the  greater  the 
number  of  feet  represented  by  one  inch,  the  less 

the  accuracy  with  which  a  distance  can  be  determined  by 

scaling  it  from  the  drawing. 
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PLATTING  ANGLES. 


NOTBS    FOR    LINE  «. 


PLATB  I. 

1143.  Plate  I  (see  Geometrical  Drawing)  contains  six 
angle  lines,  three  of  which  are  included  in  Fig.  1  and  three 
in  Fig.  2.  The  three  lines  a,  b,  and  c  under  Fig.  1  will  be 
drawn  to  a  scale  of  200  feet  to  the  inch,  platting  the  angles 
with  a  protractor,  the  use  of  which  was  fully  explained  in 
Geometrical  Drawing. 

The  student  will  plat  these  lines  according  to  the  follow- 
ing directions,  being  careful  to  give  to  each  line  approxi- 
mately the  same  position  which 
it  occupies  in  the  plate.  This 
statement  also  applies  to  all  the 
plates  which  are  to  be  drawn 
from  this  Instruction  Paper.  In 
these  examples,  distances  are 
expressed  in  stations  of  100  feet 
each.  The  direction  of  each  line 
is  referred  to  that  of  the  imme- 
diately preceding  line,  which  line 
is  produced  and  the  angle  re- 
corded as  being  to  the  right  (R) 
or  left  (L)  of  that  line. 

In  practical  office  work,  the 
lines  produced  are  drawn  lightly  in  pencil,  and  erased  as 
soon  as  the  angles  are  laid  off.  In  the  lines  a  and  b.  Fig.  1, 
the  lines  produced  are  dotted  and  the  angles  written  in 
dotted  arcs,  in  order  that  the  student  may  clearly  and 
fully  understand  the  method.  The  dimensions  of  all  the 
plates,  the  directions  for  drawing  the  border  lines,  and 
the  order  of  sending  in  the  plates  or  other  drawings  of  the 
three  sections  of  this  subject  are  the  same  as  for  the  plates 
on  Geometrical  Drawing.  The  notes  for  line  a  in  Fig.  1  are 
as  shown. 


Stations. 

Angles. 

25  +  84 

End  of  Line 

21-f  94 

L  32°  35' 

15+53 

R  44°  10' 

11  +  72 

L  60°  30' 

5  +  25 

L  25°  15' 

0 

1 144.     The  starting-point  A  of  the  line  is  numbered  0. 
The  first  angle  turned  is  at  Sta.  5  +  25,  which  we  denote  by 
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B.  Locating  the  starting-point  A  about  three-fourths  of  an 
inch  from  the  lower  and  left-hand  border  lines,  we  draw  a 
straight  line,  giving  it  the  same  direction  as  that  given  to 
it  in  the  engraving.  Scale  off  from  -^,  to  a  scale  of  200  feet 
to  the  inch,  the  first  course  525  feet  in  length,  locating  the 
point  B.  Produce  A  B  to  C,  being  sure  to  make  B  C  sl  little 
greater  than  the  diameter  of  the  protractor.  At  Sta.  5  + 
25,  B^  an  angle  of  25°  15'  is  turned  to  the  left.  Now, 
placing  the  center  of  the  protractor  on  the  point -5,  with  the 
zero-point  on  the  line  B C,  layoff  the  angle  25^15'  to 
the  left  of  B  C,  marking  the  point  of  angle  measurement  D 
with  a  needle-point.  Through  the  points  B  and  D  draw  a 
straight  line.  The  angle  CB  D  is  25°  15',  and  the  line  B  D 
is  the  direction  of  the  next  course.  The  second  angle, 
60°  30',  is  turned  to  the  left  at  Sta.  11  -f  72.  The  length  of 
the  second  course  is  found  by  subtracting  525  from  1,172, 
giving  a  difference  of  647  feet.  Produce  B  D  and  scale  off 
the  second  course  647  feet,  locating  the  point  E  at  Sta. 
11  -f  72.  Produce  B  E  to  F,  and  lay  off  to  the  left  oi  E  F 
the  angle  60°  30',  locating  the  point  G,  Join  E  and  C. 
The  angle  FE  G  is  60°  30',  and  the  line  E  G\^  the  direction 
of  the  next  course. 

1 1 45.  The  third  angle  is  R  44°  10',  and  is  turned  at  Sta. 
15  +  53.  The  length  of  the  third  course  is  found  by  sub- 
tracting 1,172  from  1,553,  giving  a  difference  of  381  feet. 
Produce  E  G,  and  scale  off  from  E  the  distance  381  feet, 
locating  the  point  //"at  Sta.  15  -|-  53.  Produce  E  H to  K^ 
and  to  the  right  oi  H  K  lay  off  the  given  angle  44°  10', 
locating  the  point  L.  The  line  joining  the  points  H  and  L 
forms  with  H  K  diH  angle  of  44°  10',  and  gives  the  direction 
of  the  next  course.  The  next  angle  is  L  32°  35',  and  turned 
at  Sta.  21  -f  94.  The  length  of  the  course  is  found  by  sub- 
tracting 1,533  from  2,194,  giving  a  difference  of  641  feet. 
Produce  H  Z,  and  scale  off  from  H  the  distance  641  feet, 
locating  the  point  M  2it  Sta.  21  +  94.  Produce  H  M  to  N, 
and  to  the  left  of  M  N  lay  off  the  given  angle  32°  35',  loca- 
ting the  point  O.     Draw  M  O.     The  angle  N  M  O  is  32°  35', 
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and  MO  is  in  the  direction  of  the  next  and  last  course  of 
line  a,  whose  length  is  found  by  subtracting  2,194  from 
2,584.  The  difference  is  390  feet.  We  produce  the  line 
M  Oy  and  from  J/ scale  off  the  last  course  of  390  feet,  loca- 
ting the  point  P  at  Sta.  25  +  84.  At  each  angular  point  in 
the  line  an  arc  is  described,  giving  the  measurement  of  the 
angle. 

The  student  will  in  a  similar  manner  plat  the  following 
notes  for  the  lines  h  and  c,  Plate  I,  Fig.  1  : 


NOTeS    FOR    LINB  h. 


NOXeS  FOR   LINB  a 


Stations. 

Angled. 

•     23  +  10 

End  of  Line 

16  +  35 

R  25°  10' 

12  +  82 

L  15°  15' 

8  +  50 

L  30°  40' 

4  +  40 

R  15°  20' 

0 

Stations. 

Angles. 

28  +  60 

End  of  Line 

21  +  46 

R  34°  30' 

17  +  09 

R  53°  28' 

11  +  96 

L  25°  10' 

5  +  33 

R  21°  10' 

0 

1146.  To  Lray  Off  an  Aiiffle  By  Chords.— This  is 
done  by  means  of  a  table  of  chords  in  which  the  lengths  of 
chords  for  all  angles 
from  0°  to  90°  are 
given  in  terms  of  a 
radius  1.  A  radius 
of  any  convenient 
length  may  be  as- 
sumed, and  the  cor- 
responding chord  length  obtained  by  multiplying  the  length 
of  the  chord  given  in  terms  of  radius  1  by  the  length  of  the 
assumed  radius.  Thus,  let  it  be  required  to  lay  off  from  a 
given  line  an  angle  of  40°  10'  to  the  left.  Let  A  B,  Fig. 
203,  be  the  given  line.  Produce  A  B  to  C,  making  B  C  = 
400  feet,  the  length  of  the  assumed  radius. 


Pig.  208. 
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From  a  table  of  chords,  we  find  the  chord  of  an  angle  of 
40°  10'  in  terms  of  a  radius  1  is  .0868.  Multiplying  this 
chord  by  400  feet,  the  length  of  the  assumed  radius,  we  have 
274.72  feet,  the  length  of  the  required  chord.  From  ^  as  a 
center,  with  a  radius  B  C  =^  400  feet,  describe  to  the  left  of 
B  {7  the  indefinite  arc  C  D^  being  sure  that  the  length  of 
C  D  is  slightly  greater  than  the  length  of  the  required  chord, 
and  from  C  as  a  center,  with  a  radius  of  274.72  feet,  describe 
an  arc  intersecting  the  arc  C  D  in  C.  Through  B  and  C 
draw  a  straight  line.  The  angle  C  B  C  is  40"*  10',  the  re- 
quired angle.  This  method  of  platting  angles  is  more  accu- 
rate, though  less  rapid,  than  platting  with  a  protractor. 

Note. — The  table  of  chords  used  for  the  calculations  given  in  this 
paper  may  be  found  in  Trautwine's  Pocket  Book,  a  very  useful  book  to 
all  surveyors.  If  the  student  does  not  possess  a  copy,  he  may  easily 
find  the  required  chord  from  his  table  of  sines  by  multiplying  the  sine 
of  half  the  given  angle  by  2.  Thus,  the  chord  of  40"  10'  =  2  sin 
(40"  10'  +  2)  =  2  sin  30  05'  =  2  X  .84339  =  .68678  =  .6868,  using  but  four 
places,  the  same  as  given  in  the  table. 

11 47.  Fig.  2,  Plate  I,  contains  three  examples  in  the 
lines  «,  bf  and  c,  in  which  the  angles  are  laid  off  by  chords. 
The  notes  for  line  a  are  given  in  the  following  table  : 

The  first  course  A  B  is  3G0  feet  in  length,  which  the 
student  will  draw  to  a  scale  of  200  feet  to  the  inch.     The 

starting-point  A   is  numbered  0, 

NOTES   FOR    LINE   a.  ,r,v  jr,^ 

and  By  the  end  of  the  first  course, 

3  +  60.  At  B  an  angle  of  30°  30' 
is  laid  off  to  the  right.  Produce 
A  B  400  feet,  which  we  assume 
to  be  the  length  of  the  radius  in 
calculating  chord  lengths  for 
laying  off  angles,  and  locate  the 
point  C.  Then  from  ^  as  a 
center,  with  a  radius  of  400  feet, 
describe  the  indefinite  arc  CC 
on  the  right  side  of  the  radius 
B  Cy  being  sure  that  the  arc 
shall   contain   at    least    30°   30'. 


Stations. 

Angles. 

25  +  80 

End  of  T.ine 

20  +  38 

L  37°  20' 

15+  18 

L  31°  08' 

9  +  13 

R  39°  20' 

3  +  60 

R  30°  30' 

0 

We  find  in  a  fad/r  ^/^//^r^/y  that  the  chord  of  30°  30'  =  .5261, 
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which,  multiplied  by  400  feet,  the  length  of  the  assumed 
radius,  gives  210.44  feet,  the  length  of  the  required  chord. 
From  C  as  a  center,  with  a  radius  of  210.44  feet,  describe  an 
arc  intersecting  the  arc  C  C  in  the  point  E,  A  line  joining 
B  and  E  will  form  with  the  radius  5  C  an  angle  C B  E=^ 
30°  30',  the  required  angle.  The  next  angle,  R  39°  26',  is 
turned  at  Sta.  9  +  13,  making  the  length  of  the  second 
course  553  feet. 

Denote  Sta.  9  +  13  by  /^  Produce  B  F  400  feet  to  G. 
From  /^as  a  center,  with  a  radius  F  G  oi  400  feet,  describe 
to  the  right  oi  FG  the  indefinite  arc  G  G\  being  sure  that  the 
arc  shall  contain  at  least  39°  26'.  The  chord  of  39°  26'  to  a 
radius  of  1  is  .6747,  which,  multiplied  by  400  feet,  gives 
269.88  feet,  the  length  of  the  required  chord.  From  ^'as  a 
center,  with  a  radius  of  269.88  feet,  describe  an  arc  inter- 
secting the  arc  G  G'  in  H.  A  line  joining  F  and  H  will 
form  with  the  radius  F  G  the  angle  G  F  // =  39""  26',  the 
required  angle.  The  next  angle,  viz.,  L  31°  08',  is  turned  at 
Sta.  15  +  18,  making  the  length  of  the  third  course  605  feet. 
Call  Sta.  15  +  18,  K.  Produce  F  K  400  feet  to  Z.  From  K 
as  a  center,  with  a  radius  K  L  oi  400  feet,  describe  to  the 
left  oi  K  L  the  indefinite  arc  L  M.  The  chord  of  31°  08'  is 
.5367,  which,  multiplied  by  400  feet,  gives  214.68  feet,  the 
length  of  the  required  chord.  From  Z  as  a  center,  with  a 
radius  of  214.68  feet,  describe  an  arc  intersecting  the  arc 
L  Mm  the  point  N.  Join  K and  N,  forming  with  K L  the 
angle  L  K  N  =:  31°  08'.  The  next  angle,  viz.,  L  37°  20',  is 
turned  at  Sta.  20  +  38,  making  the  length  of  the  fourth 
course  520  feet.  Call  Sta.  20  +  38,  O.  Produce  K  O  400 
feet  to  P.  From  (9  as  a  center,  with  a  radius  O  P,  describe 
the  indefinite  arc  P  Q.  The  chord  of  37°  20'  is  .6401,  which, 
multiplied  by  400  feet,  gives  256.04  feet,  the  length  of  the 
required  chord.  From  /'as  a  center,  with  a  radius  of  256.04 
feet,  describe  an  arc  intersecting  the  arc  P  Q  \n  R.  Join  O 
and  K,  forming  with  O  P  the  angle  PO  K  =  '6T  20'.  The 
end  of  the  line  i>  is  at  Sta.  25  +  80,  making  the  length  of 
the  last  course  542  feet.  In  a  similar  manner,  plat  the  notes 
for  lines  b  and  c,  which  follow. 
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NOTES   FOR    E.INB   Ai 


Stations. 


Angles. 


22  +  40 


End  of  Line 


16  +  50      i     L  18°  20' 


8  +  00 


3  +  25 


R  25°  14' 

R    8°  10' 


0 


NOTBS    FOR    LINB  a 


Stations. 

Angles. 

25  +  34 

End  of  Line 

19  +  94 

L  51°  22' 

14  +  81 

R  21°  20' 

10  +  38 

R  39°  18' 

4+13 

L  G4°  30' 

0 

1 148.     To  Lay  Off  an  Anffle  By  Its  Bearing.— By 

this  method  of  laying  off  angles,  the  direction  of  each  line 
is  referred  to  the  magnetic  meridian,  or  a  north  and  south 
line.  In  platting  a  land  or  railroad  survey,  a  line  giving 
the  direction  of  the  magnetic  meridian  is  drawn  through 
each  station  at  which  a  bearing  is  taken. 


PLATE    11. 

1149.  Plate  II  contains  five  angle  lines,  the  angles  of 
the  three  lines  given  in  Fig.  1  being  platted  hy  magnetic 
bearings^  and  those  in  Fig.  2  by  tangents.  In  Fig.  1,  line  tf, 
the  distances  are  given  in  stations  of  100  feet  each;  in  lines 
b  and  c,  the  distances  are  given  in  chains.  The  student  will 
draw  line  «  to  a  scale  of  200  feet  to  the  inch,  and  lines  6  and 
c  to  a  scale  of  2  chains  (132  feet)  to  the  inch.  The  notes  of 
line  a  are  given  in  this  article. 

Let  A  be  the  starting-point  of  the  line,  which  we  number 
station  0.  Let  the  arrow  N  S  give  the  direction  of  the 
magnetic  meridian.  Through  A  draw  a  meridian  A  B  par- 
allel to  NS,  The  bearing  of  the  first  course  is  N  10°  15'  E. 
From  the  meridian  passing  through  A^  lay  off  this  bearing 
angle  with  a  protractor.    The  first  course  is  375  feet.     Draw 
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a  line  through  A  having  the  given  bearing  and  scale  the 

distance  375  feet.     This  will  bring  us  to  Sta.  3  +  75,  which 

we  denote  by  the  letter  C,  where  a  bearing  of  N  60°  E  is 

taken.     The  end  of  this  course  is 

at    Sta.  6  +  90.     The   length    of 

the  second  course  will,  therefore, 

be  the  difference  between  6  +  90 

and   3  +  75,    which  is  315  feet. 

Through  C  draw  a  meridian  CD, 

from  which  lay  off  the  bearing 

angle   of    60°   and   draw   a   line 

marking     the     second      course. 

Scaling    the   distance    315   feet, 

we  reach  Sta.  6  +  90,  which  we 

call  E,     Here  a   bearing   N  83° 

30'  E  is  taken.    Through  £  draw 

a  meridian  EF,  and  from  it  lay 

off  the  bearing  N  83°  30'  E.    The 

end  of  this  course  is  at  Sta.  10  + 

40.     Its  length  will,  therefore,  be 

the   difference  between  10  +  40  and  6  +  90,  which  is  350 

feet. 

Scale  off  this  distance  from  E,  locating  Sta.  10  +  40, 
which  we  call  G.  The  bearing  at  G^  is  S  81°  20'  E.  Through 
G  draw  the  meridian  G  H,  As  the  bearing  is  S  E,  the 
meridian  will  fall  below  the  station,  from  which  lay  off  the 
bearing  S  81°  20'  E,  and  draw  a  line  in  the  direction  of  this 
course.  The  next  bearing  is  taken  at  Sta.  14  +  20.  The 
length  of  the  course  is,  therefore,  the  difference  between 
14  +  20  and  10  +  40,  which  is  380  feet.  Call  Sta.  14  +  20, 
K.  Through  K  draw  the  meridian  K L,  The  bearing 
here  is  N  80°  30'  E.  From  the  meridian  K  Z,  lav  off  this 
bearing  and  draw  a  line  in  the  direction  of  the  course.  In 
a  similar  manner  locate  the  remaining  stations  and  lay  off 
the  remaining  bearings  of  the  line.  The  bearing  of  each 
course  should  be  distinctly  written  above  it,  the  letters 
reading  in  the  same  direction  in  which  the  line  is  measured. 


Stations. 

Bearings. 

28  +  15 

End  of  T/ine 

23+55 

S  45°  00'  E 

18  +  92 

S  70°  45'  E 

14  +  20 

N  80°  30'  E 

10  +  40 

S  81°  20'  E 

6  +  90 

N  83°  30'  E 

3  +  75 

N  60°  00'  E 

0 

N  10°  15'  E 
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1 160.     The  notes  for  the  lines  b  and  c  are  as  follows 


NOTB8   FOR    LINB  *. 


Stations. 


Bearings.      '     Distances. 


1 
2 
3 
4 
5 


°  E 
°  E 


N40^ 
N  05i 
S  75^°  E 
S  45i°  E 
S  20i°  W 


4.22  chains. 
6.75  chains. 
8.70  chains. 
().  00  chains. 
5.18  chains. 


NOTBH   FOR    L.INF   a 


Stations. 


Bearings. 


1 
2 
3 
4 


S  47°  E 
N  20i°  E 
S  80°  E 
S  20°  E 
N  65^-°  E 


Distances. 

G.CO  chains. 
8.80  chains. 
4.32  chains. 
0.54  chains. 


7.48  chains. 


1151.  The  regular  100-foot  stationing  is  used  in  rail- 
road and  highway  surveying,  but  in  land  surveying  the 
lengths  of  the  courses  are  given  in  surveyor's  chains.  As 
the  fractional  parts  of  chains  are  given  decimally,  the 
length  of  each  course  is  readily  scaled  on  the  plat  with  a 
decimal  scale.  The  notes  of  line  b  are  platted  as  follows: 
The  starting-point  is  called  Sta.  1,  and  is  so  marked  on  the 
plat.  Call  Sta.  1,  A,  Through  A  draw  a  meridian  A  A', 
and  from  it  lay  off  the  first  bearing,  N  40^^°  E.  Lay  off  the 
first  course,  which  is  4.22  chains  in  length,  to  a  scale  of  2 
chains  to  the  inch,  locating  Sta.  2.  Call  Sta.  2,  C.  Through 
C  draw  a  meridian  CD,  and  lay  off  the  given  bearing,  N 
05i^°  E.  The  course  with  this  bearing  is  0.75  chains  in 
length,  which  scale  off,  locating  Sta.  3.  In  similar  manner, 
plat  the  remainder  of  line  6,  and  also  line  c.     Mark  distinct- 
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ly  each  course,  giving  its  direction  and  length,  being  care- 
ful that  the  figures  and  letters  shall  read  in  the  same  direc- 
tion in  which  the  line  is  being  run. 

1152.     To  Lay  Off  an  Angrle  By  Its  Tangent.— In 

laying  off  an  angle  by  its  tangent,  the  line  from  which  the 
angle  is  turned  is  prolonged  to  a  distance  equal  to  the  length 
of  the  assumed  radius.  The  length  of  the  tangent  of  the 
given  angle  is  then  found  in  terms  of  the  assumed  radius 
and  the  tangent  platted.  A  line  joining  the  angular  point 
with  the  extremity  of  the  calculated  tangent  will  give  the 
direction  of  the  required  line,  which  is  then  measured  to  the 
given  scale. 

Let  A  B  in  Fig.  204  be  the  given  line,  from  which  an 
angle  of  30°  15'  is  to  be  laid  off  to  the  right  at  the  point  B. 
Produce  A  B  to  Cy  ma-  «     ^  -400' 

king  Z?  C  =  400  feet,  the  ^'  ^ 

length  of  the  assumed 
radius.  The  tangent  of 
30°  15',  in  terms  of  a  ra- 
dius 1,  is  .58318,  which,  Pio.  904. 
multiplied  by  400  feet,  the  length  of  the  assumed  radius, 
gives  233.27  feet,  the  length  of  the  required  tangent.  At 
C,  erect  a  perpendicular  to  B  C  233.27  feet  in  length,  equal 
to  the  calculated  tangent.  Denote  the  end  of  this  tangent 
by  C  Join  B  afid  C.  The  angle  C  B  C  =  30°  15',  the 
given  angle,  and  the  line  B  C  is  the  required  line. 

1153*  The  notes  in  this  article,  which  are  platted  in 
Plate  II,  Fig.  2,  the  student  will  plat  to  a  scale  of  200  feet 
to  the  inch. 

The  notes  of  line  a  are  platted  as  follows:  Having  ad- 
justed the  paper  to  the  drawing-board  and  drawn  a  meridian 
N  Sy  fix  the  starting-point  A^  which  number  0.  The  first 
course  is  500  feet  in  length,  which  plat  by  drawing  a  merid- 
ian A  B  through  Sta.  0,  and  scale  off  400  feet,  equal  to  the 
length  of  the  assumed  radius  A  C.  The  bearing  of  the  first 
course  is  N  43°  10'  E.  The  tangent  of  43°  10'  is  .93797, 
which,  multiplied  by  400  feet,  the  length  of  the  radius,  gives 
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375.19  feet,  the  length  of  the  required  tangent.  Erect  a 
right  perpendicular  to  A  B  2Lt  C,  and  on  this  perpendicular 
scale  oflE  the  tangent  375.19  feet,  calling  the  extremity  of 
the  tangent  D.  Draw  A  D.  The  angle  CAD  will  be  43° 
10'  The  first  course  is  500  feet  in  length,  which  scale  off  on 
the  line  A  D  2X  200  feet  to  the  inch,  locating  Sta.  5  +  00  at 
E.  The  angle  at  Sta.  5  +  00  is  43°  30'  to  the  right.  Pro- 
duce A  E^  and  scale  off  the  radius  E  F—  400  feet.     The 

NOTB8   FOR   £lNB  & 


Stations. 

Angles. 

Bearings. 

25  +  00 

19+97 

13  +  22 

5  +  00 

0 

End  of  Line 
L  40°  10' 
R  32°  15' 
R  43°  30' 

N  78°  45'  E 
S  61°  05'  E 
N  86°  40'  E 
N  43°  10'  E 

tangent  of  43°  30'  =  .94896,  which,  multiplied  by  400  feet, 
gives  379.58  feet,  the  length  of  the  required  tangent.  Erect 
a  right  perpendicular  to  E  F  ^X.  /%  and  scale  off  the  tangent 
379.58  feet,  locating  the  point  G,  Draw  E  G,  The  angle 
F  E  G  is  43°  30',  and  the  line  E  G,  the  required  line,  the 
bearing  of  which  is  N  8G°  40'  E.  Produce  E  G  to  H,  ma- 
king E  //=  1,322-  500  =  822  feet  in  length. 

The  line  changes  direction  again  at  Sta.  13  +  22,  where 
an  angle  of  32°  15'  is  turned  to  the  right.  Denote  Sta. 
13  +  22  by  N,  Produce  E  H  400  feet,  equal  to  the  assumed 
radius,  calling  its  extremity  K,  The  tangent  of  32°  15'  = 
.63095,  which,  multiplied  by  400  feet,  gives  252.38  feet,  the 
length  of  the  required  tangent.  Erect  a  right  perpendicular 
to  H K  2Lt  K,  and  on  that  perpendicular  scale  off  the  tangent 
252.38  feet,  locating  the  point  L,  Join  H  and  L.  The 
angle  K  H  Lis  32°  15',  and  the  bearing  oi  If  L  is  S  61°  05'  E. 

The  line  changes  direction  again  at  Sta.  19  +  97.  Call 
this  station  Af.  The  angle  at  this  point  is  40°  10'  to  the  left. 
Produce  H  M  400  feet  to  iV,  and  at  N  erect  a  left  perpen- 
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dicular  to  M  N.  The  tangent  of  40°  10'  is  .84407,  which, 
multiplied  by  400  feet,  gives  337. 63  feet,  the  length  of  the 
required  tangent.  On  the  perpendicular  to  M  A\  scale  oflE 
this  tangent,  locating  the  point  O.     Join  M  and  O.     The 


NOTES   FOR   LINB   b. 


Stations. 

Angles. 

Bearings. 

27  +  47 

20+97 

13  +  73 

7  +  63 

0 

End  of  Line 
R  42°  20' 
R  49°  10' 
L  62°  15' 

S  34°  25'  E 
S  76°  45'  E 
N  54°  05'  E 
S  63°  40'  E 

end  of  the  line  is  Sta.  25  +  00.  The  length  of  the  last 
course  is  readily  found  by  subtracting  19  +  97  from  25  +  00. 
The  difference,  503  feet,  is  scaled  off  on  M  (?,  locating  the 
point  -P,  the  end  of  the  line.  The  bearing  of  M  PislHi  78° 
45'  E.     In  a  similar  manner  plat  the  notes  of  lined. 


TO  PJLAT  A  SURVEY. 

1 1 54.  The  platting  of  a  survey  made  with  a  compass 
consists  in  drawing  on  paper  the  lines  and  angles  which  have 
been  measured  on  the  ground.  The  angles  are  laid  off  and 
the  lines  drawn  to  scale.  There  are  two  methods  of  doing 
this,  which  are  at  present  in  general  use ;  namely,  platting 
by  bearings  and  platting  by  latitudes  and  departures. 

1 1 55«  Platting  By  BearlngB. — This  method  consists 
in  laying  out  the  courses  in  a  manner  similar  to  that  shown 
in  Plate  II,  Fig.  1. 

As  an  example  of  platting  by  this  method,  take  the  survey 
notes  given  in  Art.  1 159,  and  proceed  as  follows: 

With  a  fine  needle,  mark  a  point  at  a  convenient  spot  on 
the  paper  to  represent  Sta.  1  (Fig.  205),  and  about  the  point 
draw  a  small  circle.  The  location  of  the  point  must  be  so 
chosen  that  the  plat  will  not  run  off  the  paper,  which  can  be 
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readily  done  if  the  person  doing  the  platting  has  a  knowl- 
edge of  the  survey  itself.     If  he  has  not,  a  study  of  the 


FIO.  905. 

survey  notes  will  show  the  approximate  position  for  the 
point. 

With  a  T  square  or  a  triangle,  draw  a  line  through 
the  point  to  represent  the  direction  of  the  compass-needle, 
or  magnetic  meridian.  To  draw  the  first  course,  N  35°  E, 
place  the  protractor  in  the  proper  position,  and  at  35°  from 
the  north  end  make  a  dot  with  a  lead-pencil.  Through  this 
dot  and  Sta.  1  draw  a  straight  line,  its  approximate  length 
being  known  from  the  measured  distance  to  Sta.  2  (270  feet). 
The  direction,  or  bearing,  of  this  line  is  then  N  35°  E,  and 
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on  it  the  length  of  the  first  line,  or  course,  is  laid  off  to  scale 
from  Sta.  1.  This  length  is  270  feet,  which  drawn  to  a  scale 
of  100  feet  =  1  inch  =  f  J-Jj  =  2.7  inches  from  Sta.  1  to  Sta.  2. 

Through  Sta.  2  draw  another  meridian;  lay  off  the  angle 
of  the  second  course,  N  83°  30'  E,  as  before,  and  set  off  the 
length  of  this  course,  129  feet,  from  2  to  S. 

Proceed  in  like  manner  for  each  course.  When  the  last 
course,  5-i,  is  platted,  it  should  end  precisely  at  the  start- 
ing-point, Sta.  1,  as  the  survey  would  do  if  it  were  a  closed 
survey,  as  of  a  field.  If  the  pUt  does  not  **  close,"  or 
**come  together,"  it  shows  an  error  has  been  made  either  in 
the  original  survey  or  in  the  work  of  platting. 

1 1 56*     Plattins  By  Latitudes  and  Departures. — 

In  order  to  apply  this  method,  the  survey  must  first  be 
traversed.  Traversing  a  survey  means  simply  finding  the 
latitudes  and  departures  of  the  different  courses,  as  ex- 
plained before. 

The  latitude  =  distance  X  cosine  of  bearing. 

The  departure  =  distance  X  sine  of  bearing. 

1157.  If  the  survey  is  a  continuous  one  around  a  tract, 
ending  at  the  place  of  beginning,  the  sum  of  the  northings 
should  equal  the  sum  of  the  southings;  and  the  sum  of  the 
eastings  should  equal  the  sum  of  the  westings.  Or,  in  other 
words,  the  sum  of  all  the  latitudes  north  should  equal  the 
sum  of  all  the  latitudes  south ;  and  the  sum  of  all  the  depar- 
tures east  should  equal  the  sum  of  all  the  departures  west. 
It  is  evident  that  by  coming  back  to  the  place  of  beginning, 
the  surveyor  has  traveled  the  same  distance  north  as  he  has 
south,  and  the  same  distance  east  as  he  has  west.  But  if 
sights  have  been  taken  from  stations  of  the  main  survey  to 
stations  or  objects  off  the  regular  lines  of  the  survey,  care 
must  be  taken  not  to  include  their  latitudes  and  departures 
in  the  additions  necessary  to  prove  a  tie,  or  to  determine 
the  position  of  other  points  in  the  main  survey. 

1 1 58.  The  most  accurate  way  to  construct  a  map  is  to 
traverse  the  survey  and  place  all  stations  on  it  by  the  trav- 
ersed distances,  or  to  at  least  put  a  number  of  the  principal 
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stations  on  the  map  by  the 
protractor  only  to  plat  the 


traversed  distances,  and  use  the 
intermediate  stations. 

1 1 59.  Where  platting  is 
done  from  the  traverse  notes, 
the  map  is  divided  very  care- 
fully into  squares,  the  length 
of  the  sides  of  the  square 
depending  upon  the  scale  to 
which  the  survey  is  to  be 
platted.  For  a  scale  of  100 
feet  =  1  inch,  squares  whose 
sides  are  10  inches  are  most 
convenient.  Two  sides  of  each 
square  are  meridian  lines, 
while  the  other  two  are  east 
and  west  lines. 

The  accompanying  example 
will  illustrate  platting  by  use 
of  the  traversed  distances : 

1160.  There  are  two 
methods  by  which  the  sur- 
vey can  be  platted  by  latitudes 
and  departures,  the  first  (and 
poorer  one)  being  in  some  re- 
spects similar  to  the  method 
of  platting  bearings,  as  each 
new  station  is  located  by  first 
drawing  a  meridian  line 
through  the  preceding  one 
and  locating  the  new  station 
from  it. 

1 1 6 1  •  Begin  platting  the 
survey,  Fig.  206,  by  choosing 
a  convenient  point  for  Sta.  1.  Then,  draw  the  meridian 
through  the  point  as  already  described.  On  this  meridian, 
lay  off  due  north  the  latitude  of  the  course  1-2  to  the  re- 
quired scale  of  100  feet  =  1  inch.     The  distance  to  be  laid 


4> 

U 

2. 

Q 

^ 

u 

o 



o  o  o  o 

O    CO    ci    ci    O 
lO    00    o    o 

T-l       (?<      '^      C^ 

3 

■*■» 

•J 

O 

t/3 

• 

o 

00    o 

o  o  o 

rH    O    »0             O 
-?*    CO    1-t 
'Ti     C^     r-^ 

• 
0) 

u 

■M 

I 

• 

o  o 

•               • 

Q    Ci 

O   :o 

o 

• 

:d 

6 

oi 

w 

o  q  o 

»0    00    o 
»0    (?<    00 
rH    1-1     rH 

• 

a; 

3 

-4-1 

in 

• 

o  o 

•            • 

i-H    CO 
1-H    GQ 

o 

• 

9  "^              q 
5<?                   1-J 

o 

• 

Dis- 
tance. 

CD 

o  o  o  o  »c 
o  ci  «?i  id  cs? 

t-    -^i    'Ti    >0    (7? 

(M     rH     C?     CO     CO 

c 

u 

«  o  W  ;«  o 

o       CO    o       ,-1    CO 

CO    ?/N     ih    °       O 
^    CO    »o    ^    ,^ 

^    ^   (/}    CO    »o 

!^       CO  ^ 

1 

*•* 

C/2 

m 

c 
o 

•M 

CsJ    CO    ^    »0    tH 

'     I'll 

rH     3^>    CO    '4<    »C 

S8 


MINE  SURVEYING  AND  MAPPING. 


51 


off  (see  the  notes  in  the  accompanying  table)  equals  f|-}  = 
2.21  inches.  Then,  on  the  line  passing  due  east  through 
Sta.  1,  lay  off  a  distance  equal  to  the  departure  of  the 
course.  This  distance  would  be  =  \^-^  =  1. 55  inches.  Com- 
plete the  parallelogram,  as  shown  in  the  figure,  and  draw 
the  diagonal  1-2,  which  is  the  required  line. 


PIO.  900. 

Then  pass  a  meridian  through  Sta.  2,  and  also  a  due  east 
and  west  line.  On  the  meridian,  lay  off  the  north  latitude. 
15  feet,  to  scale  =  ^q^  =  .15  inch;  and  on  the  east  and  west 
line,  the  east  departure,  128  feet,  to  scale  =  m  =  1.28 
inches.  Complete  the  parallelogram,  as  shown,  and  draw 
the  diagonal  2^,  which  is  the  required  line.  And  so  on 
for  every  other  case  until  the  plat  is  completed. 
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1 162.  The  second  method  of  platting  by  latitudes  and 
departures  gives  results  that  are  as  accurate,  if  not  more  so, 
than  can  be  obtained  by  any  other  method.  Here  the  total 
latitudes  and  departures  arc  employed;  consequently,  each 
station  is  located  independently  of  every  other  one  (except 
the  "rirst),  and  no  errors  can  be  carried  from  one  location  to 
another. 

Select  Sta.  1,  as  described  for  Fig.  200,  and  draw  a  merid- 
ian line  through  it,  and  another  line  at  right  angles  to  it, 


PlO.  307. 


running  due  east  and  west.  To  locate  Sta.  2,  Fig.  207. 
measure  on  the  meridian  line  passing  through  Sta.  1  a  dis- 
tance (see  '*  notes  ")  i  ^  =  \  J-J  =  2,21  inches.     Then  lay  your 
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scale  upon  the  map  above  the  point  d^  its  zero-mark  upon 
the  meridian  line.  Place  the  parallel  ruler  along  the  east 
and  west  line  1  C,  and  then  move  it  until  its  edge  touches 
the  point  d.  Draw  a  faint  line  along  the  edge  of  the  parallel 
ruler  at  a  distance  of  adout  \^-^  =  1.55  inches  from  the  point 
d,  the  approximate  location  of  Sta.  2  being  shown  by  the 
scale  placed  upon  the  map.  Then  remove  the  parallel  ruler, 
and,  placing  the  zero  of  the  scale  carefully  at  the  point  d^ 
mark  off  on  the  faint  line  just  drawn  a  point  exactly  1.55 
inches  from  d.  This  point  is  Sta.  2.  To  check  the  correct- 
ness of  the  work,  measure  the  distance  from  1  to  ^,  and  if 
no  mistake  has  been  made  it  will  scale  2.7  inches,  represent- 
ing 2. 7  X  100  =  270  feet. 

1163.  By  drawing  a  short,  faint  line,  as  described,  we 
have  but  very  little  erasing  to  do  with  a  rubber.  If,  in- 
stead of  placing  the  scale  as  described,  we  draw  a  line  of  in- 
definite length  eastward  from  d^  considerable  erasing  would 
have  to  be  done  after  Sta.  2  is  located.  On  a  mine  map 
which  is  somewhat  soiled  from  frequent  handling,  the 
**  spotted  "  effect  produced  by  the  cleaner  parts  where  era- 
sing has  been  done  is  very  unsightly,  and  should  be  avoided. 

To  locate  Sta.  3,  (1)  measure  off  ir  (Fig-  '^07)  equal  to 
I^^J  =  2.36  inches;  (2)  place  the  scale  on  map  above  ^,  zero 
of  scale  on  meridian  line;  (3)  place  the  parallel  ruler  along 
1  C\  (4)  move  parallel  ruler  until  its  edge  passes  through  e\ 
(5)  draw  a  faint  line  about  fg^  =  2.83  inches  from  r;  (6)  re- 
move the  parallel  ruler ;  (7)  place  zero  of  scale  at  e  and  lo- 
cate Sta.  3  on  the  faint  line  at  exactly  2.83  inches  from  e\ 
(8)  n^easure  distance  from  ^  to  ^  as  a  check,  which  should 
scale  -J^  =  1.29  inches.  Similarly,  for  Sta.  4,  measure  1  h 
=  W^  =1.15  inches,  and  locate  Sta.  4  on  the  faint  line  at 
a  distance  of  4^f|^  =  4.69  inches  from  //.  Then  apply  the 
scale  to  check  the  distance  3-]^.  equal  to  fff  =  2.22  inches. 

1164.  The  Clo8in{|r  Line  of  a  Survey. — In  mining 
work,  it  is  frequently  necessary  to  drive  an  entry  or  other 
opening  to  connect  two  working  places.  For  this  purpose 
a  survey  is  made  from  one  place  to  the  other,  and  when  the 
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notes  have  been  traversed,  the  length  and  the  bearing  of 
the  connecting  line  are  calculated.  To  illustrate  this  point, 
take  the  survey  given  in  Art.  11 59,  and  suppose  the  sur- 
vey to  have  ended  with  Sta.  5.  When  the  latitudes  and  de- 
partures have  been  calculated  for  the  several  courses,  the 
notes  will  be  as  follows: 


Station. 

Bearing. 

Distance. 

Latitude. 

Departure. 

N. 

S. 

E. 

W. 

1-2 

N  35°  E 

270.0 

221.0 

155.0 

2-3 

N  83°  30'  E 

129.0 

15.0 

128.0 

3-4 

S57°  E 

222.0 

121.0 

186.0 

4-5 

S34°15'W 

355.0 

293.0 

200.0 

236.0 

414.0 

469.0 

200.0 

1165*  From  these  notes  it  is  evident  that  Sta.  6  is 
414.0  -  236.0  =  178.0  feet  south  and  469.0  -  200.0  =  269.0 
feet  east  of  Sta.  1.  The  calculation  of  the  course  and  dis- 
tance from  Sta.  5  to  Sta.  1  is  then  simply  the  solution  of  a 
right-angled  triangle,  as  shown  in  Fig.  208. 

The  distance  from  Sta.  5  to  Sta.  1  in  a  straight  line  is  the 
hypotenuse  of  a  right-angled  triangle  whose  base  is  269  feet 
and  whose  height  is  178  feet.     Then,  178'  +  269'  =  square 

of  distance  1  to  5,  or 
31,684-1-72,361  =  104,045. 
Then,  the  square  root  of 
104,045  =  322.56  +.  ^  We 
now  have  the  three  sides 
of  a  triangle,  and  we  want 
the  angle  at  Sta.  1. 

Sineofangle^  =  ^ 

Fio.  208.  =  .  83395,  which  is  the  sine 

of  the  angle  which  the  line  joining  Stas.  5  and  1  makes  with 
the  meridian.     By  consulting  a  table  of  natural  sines,  we 
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find  that  it  is  the  sine  of  an  angle  of  56°  30',  or,  more  exact- 
ly, a  trifle  more  than  56°  30',  but  as  the  difference  is  less 
than  half  a  minute,  we  call  it  56°  30'.  Now,  this  means 
that  Sta.  5  is  56°  30'  southeast  of  Sta.  1 ;  therefore,  to  con- 
nect Sta.  5  with  Sta.  1,  the  opening  must  be  driven  a  dis- 
tance of  322. 56  ft.  on  a  course  N  56°  30'  W. 

1 1 66.     To  Find  the  Area  of  Ground  Surveyed. — 

There  are  several  methods  of  calculating  the  areas  of  sur- 
veys. Only  one,  and,  perhaps,  the  most  accurate  one,  need 
be  described.  This  method  depends  upon  dividing  the 
land  into  various  triangles,  rectangles,  or  trapezoids,  as  the 
case  may  be,  calculating  the  area  of  each  one  separately, 
and  taking  the  sum  of  the  results  as  the  total  area. 

In  order  to  proceed  with  this  method,  it  is  first  necessary 
and  essential  to  accurately  plat  the  surveys  to  scale,  by 
means  of  latitudes  and  departures,  as  has  been  shown.  It 
will  then  be  found  easy  and  convenient  to  divide  the  survey 
into  triangles  and  rectangles;  viz.,  A,  B,  C,  D^  Ey  /%  G^  Fig. 
206. 

To  calculate  these  various  areas,  it  must  be  borne  in  mind 
that: 

The  area  of  a  triangle  =  its  base  X  \  the  altitude. 

The  area  of  a  rectangle  =  its  base  X  altitude. 

The  area  of  the  triangle  A  =  ^^^  ^  ^^^  =  17,127.5  sq.  ft. 
The  area  of  the  triangle  C=      ^  =  11,253.0 sq.  ft. 

The  area  of  the  triangle  D  =  ?^^  ^  293  ^  29,300.0  sq.  ft. 
The  area  of  the  triangle  E  =  ^^^  ^  ^'^^  =  23,941.0  sq.  ft. 

•  The  area  of  the  triangle  F  =  — '—^ =       960.0  sq.  ft. 

The  area  of  the  rectangle  ^  =  128  X  106  =  13,568.0  sq.  ft. 
The  area  of  the  rectangle  G^  =  115  X  114  =  13,110.0  sq.  ft. 
Total  area  A  +B  +  C+  D  +  E'\-  F+  G  =109,259.5  sq.ft. 
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In  a  similar  manner,  the  area  of  any  irregular  piece  of 
ground  can  be  calculated. 

It  very  frequently  happens  that,  instead  of  all  the  sub- 
divisions of  the  plat  having  the  regular  form  of  triangles 
and  rectangles,  some  are  found  which  are  trapezoids.  This, 
however,  does  not  alter  the  method  in  the  slightest  de- 
gree. The  area  of  a  trapezoid,  being  equal  to  one-half  the 
sum  of  its  parallel  sides  multiplied  by  its  altitude,  can  be 
easily  calculated. 
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TRANSIT  SURVEYING. 


THE  TRANSIT. 


DBSCRIPTION  OF  THE  TRANSIT. 

1167.  The  transit  is  an  instrument  for  measuring 
horizontal  and  (when  furnished  with  a  vertical  circle)  verti- 
cal angles.  It  is  the  only  instrument  that  should  be  used 
for  measuring  angles  in  any  survey  where  great  accuracy  is 
desired.  The  advantages  of  a  transit  over  a  vernier  com- 
pass are  mainly  due  to  the  use  of  a  telescope.  By  its  use, 
angles  can  be  measured  either  vertically  or  horizontally, 
and,  as  the  vernier  is  used  throughout,  extreme  accuracy  is 
secured. 

1 168*  The  verniers  on  a  transit  differ  from  those  on  a 
compass,  particularly  in  the  manner  of  reading  them,  though 
the  principle  of  construction  is  the  same  in  both.  Where 
the  full  circle  (or  li^nb)  of  a  transit  is  graduated  to  half 
degrees  (30  minutes),  30  spaces  on  the  vernier  are  equal  to 
29  half-degree  spaces  on  the  limb.  Consequently,  each 
vernier  division  is  smaller  than  the  smallest  division  on  the 
limb,  a  circumstance  which  is  characteristic  of  the  direct 
vernier  used  on  transits. 

1169.  The  illustration,  Fig.  209,  shows  a  first-class 
transit,  in  which  ^  is  a  dust  and  rain  guard  to  object-slide  of 
telescope.  The  object-slides  of  all  telescopes  are  necessarily 
exposed  to  flying  dust,  grit,  etc. ;  this  settles  on  the  slide 
and  is  carried  into  the  main  tube  of  the  telescope,  rapidly 
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wearing  the  tube  and  the  slide,  destroying  both  the  accurate 
projection  of  the  object-glass  in  a  straight  line  and  the  true 
position  of  the  line  passing  through  the  intersection  of  the 
cross-hairs  and  the  optical  center  of  the  object-glass.     This 
line   is   called   the   line  of  colUmatlon.     Dampness  and 
rain  are  also  admitted  inside  the  telescope,  dimming  the 
glasses  and  settling  on  the  cross-wires.     Thi^  arrangement 
a     is     a    perfect    safeguard 
against  all  these  evils.     The 
parts   lettered  /  and  ^  are 
also  dust-guards  to  the  level- 
ing-screws   K.     The  vernier 
plate  tangent  screw,  or  slow- 
motion   screw  6,   has  also  a 
dust  and  rain  guard. 

Ivory  reflectors  c  are  placed 
over  the  glass  windows  of  the 
two  verniers/.  The  second 
vernier  /  and  its  ivory  reflect- 
or c  are  on  the  opposite  side 
of  the  horizontal  plate  P,  be- 
tween the  standards  V,  and 
of  course  can  not  be  shown  in 
the  figure. 

The  lower  ends  of  the  level- 
ing-screws  A"  are  so  made  as 
to  be  segments  of  a  sphere. 
They  work  and  are  concealed 
Pio.  m».  in   the  sockets  *  which  rest 

on  the  plate  S.  By  this  means,  while  using  the  leveling- 
screws  A',  a  smooth,  equable  motion  is  obtained  without  in- 
denting the  plate  on  which  they  rest,  and  they  also  facilitate 
■  the  use  of  the  plummet-shifting  plate  d.  By  means  of  this 
plate  the  plummet  of  the  transit  can  be  set  precisely  over  a 
point  on  the  ground  after  approximately  setting  the  plum- 
met by  means  of  the  tripod  legs.  The  plummet  is  sus- 
pended from  the  center  of  the  instrument  at/. 
The  wooden  tripod  legs  gareattached  to  the  brass  checks 
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of  the  tripod  head  on  which  the  plate  5  is  screwed.  Each 
leg  is  tightened  or  loosened  by  merely  turning  the  threaded 
wing  nut  neary.  A  long  level-tube  DD  is  placed  under 
the  telescope  for  leveling,  etc. 

The  graduated  vertical  arc  s  has  two  rows  of  figures,  the 
one  for  angles  of  elevation  and  the  other  for  angles  of  de- 
pression. The  telescope  can  be  set  perfectly  level  by  means 
of  the  long  level-tube  DD  and  the  milled-headed  tangent 
screw  on  the  standard  of  the  telescope  near  n.  To  read  an 
angle  of  depression,  the  vernier  arm  is  made  to  touch  the 
screw  /  at  the  left-hand  end  of  the  vertical  arc  s:  the  zero 
(0°)  lines  of  the  vertical  arc  and  the  vernier  arm  will  then 
agree.  TAen  clamp  the  vernier  arm  to  the  axis  of  the  tel- 
escope by  means  of  its  inilled-headed  screw.  On  depressing 
the  telescope,  the  vernier  arm  will  show  the  angle  passed 
over. 

The  ring  B  surrounding  the  telescope  carries  four  cap- 
stan-headed screws,  one  of  which  is  shown  at  /  and  another 
at  i\  the  remaining  two  can  not  be  shown,  for  one  is  dia- 
metrically opposite  py  and  the  other  diametrically  opposite  i. 
The  diametrical  lines  joining  these  capstan-headed  screws 
are  perpendicular  to  each  other.  These  capstan-headed 
screws  are  to  be  used  in  adjusting  the  cross-wires  of  the 
telescope  to  the  optical  center  of  the  telescope.  The  small 
holes  in  the  head  of  the  screw  /  are  for  the  purpose  of  ad- 
mitting a  small  steel  pin  by  which  the  screw  can  be  turned, 
in  case  adjustment  is  necessary.  The  capstan-headed  nuts 
n  are  used  to  adjust  the  long  level-tube  D  D.  One  of 
these  nuts  must  be  loosened  before  the  other  is  tightened. 

The  eyepiece  of  the  telescope  is  shown  at  E  and  the  axis 
of  the  telescope  at  X,  One  end  z  of  the  axis  is  provided 
with  an  adjustable  block  moved  by  a  screw.  This  is  for  the 
adjustment  of  the  cross-wires,  so  that  they  can  be  made  to 
trace  a  vertical  line  as  the  telescope  is  revolved  about  its 
axis.  The  screw  L  is  for  raising  or  loivering  the  compass- 
needle.  C  is  the  compass-box,  and  ^  is  a  clamp-screw  for 
binding  the  two  plates  together.  After  such  binding,  the 
upper,  or  vernier,  plate  can  be  moved  very  slowly  by  means 
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of   the  tangent  screw  h.     The  clamp-screw  H  is  used  to 
clamp  the  lower  socket. 

The  transit  head  is  moved  in  the  lower  socket  by  the  tan- 
gent or  set-screws  G.  The  large  screw-cap  5  joins  the  in- 
strument to  the  tripod.  The  capstan-headed  screws  r  are 
used  in  adjusting  the  two  levels  M.  The  curved  piece  seen 
projecting  oi'er  the  level  M  at  the  front  of  the  compass- 
plate  is  intended  as  a  guard  to  protect  the  glass  level-tube 
in  M  from  accident. 

To  bring  the  line  of  sight  to  bear  precisely  upon  any  point 
of  an  object  seen  in  the  field  of  view  of  the  telescope,  two 
fine    lines,    called    cross-hairs,    are 
placed  with  their  intersection  at  the 
common  focus  of    the  object-glass 
and  eyepiece.     The  intersection  of 
these     cross-hairs     can     be     seen 
through  the  eyepiece,  and  appears 
to  be  in   the  same  position  as  that 
of  the  image  of  the  distant  object. 
The  cross-hairs  are  fastened  to  a 
thick   brass   ring  B,  placed  within 
r  the    telescope  and  held  in  position 
I  by  caps  tan -headed   screws  let  into 
s  ring.     See  Fig.  210.     They  are 
placed  at  right  angles  to  each  other, 
the  one  being  vertical  and  the  other  horizontal.     The  ring, 
together  with  the  cross-hairs,  can  be  moved  by  the  capstan- 
headed  screws.     The  cross-hairs  are  either  of  platinum  wire, 
drawn   very  fine,  or  of  spiders'  threads.     Platinum  wire  is 
best,  as  it  is  not  affected  by  changes  of  temperature. 


ADJUSTMENTS  OF  THE  TRANSIT. 

1170.  The  use  of  a  transit  tends  to  disarrange  some  of 
its  parts,  which  detracts  from  the  accuracy  of  its  work,  but 
in  no  way  injures  the  instrument  itself.  Correcting  this 
disarrangement  of  parts  is  called  adJustluR  the  transit. 

1171.  First  Atljustnient. —  To  make  the  levd-tubes 
parallel  to  the  vernier  plate. 
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Plant  the  feet  of  the  tripod  firmly  in  the  ground.  Turn 
the  instrument  until  one  of  the  levels  is  parallel  to  a  pair  of 
opposite  leveling-screws ;  the  other  level  will  be  parallel  to 
the  other  pair.  Bring  the  bubble  in  each  tube  to  the  middle 
with  the  pair  of  leveling-screws  to  which  the  tube  is  parallel. 
Next  turn  the  vernier  plate  half  way  around,  that  is,  revolve 
it  through  an  angle  of  180°.  If  the  bubbles  have  remained 
in  the  middle  of  the  tubes,  the  levels  are  in  proper  adjust- 
ment. If  they  have  not  remained  so,  but  have  moved  towards 
either  end,  bring  them  half  way  back  to  the  middle  of  the 
tubes  by  means  of  the  capstan-headed  screws  attached  to  the 
tubes,  and  the  rest  of  the  way  back  by  the  leveling-screws. 
Again  turn  the  vernier  plate  through  180°,  and  if  the 
bubbles  do  not  remain  at  the  middle  of  the  tubes,  repeat  the 
correction.  Sometimes  the  adjustment  is  made  by  one  trial, 
but  usually  it  is  necessary  to  repeat  the  operation. 

Each  level  must  be  adjusted  separately. 

1172.  Second  Adjustment. —  To  make  the  line  of 
collimation  perpendicular  to  the  horizontal  axis  that  supports 
the  telescope. 

With  the  instrument  firmly  set  at  A^  Fig.  211,  and  care- 
fully leveled,  sight  to  a  pin  or  tack  set  at  a  point  B^  about 
400  feet  distant  and  on  level  or  nearly  level  ground. 

Reverse  the  telescope,  that  is,  turn  it  over  on  its  axis  until 
it  points  in  the  opposite  direction,  and  set  a  point  at  about 
the  same  distance,  which  will  be  at  /?,  for  example,  if  this 
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Fig.  211. 

adjustment  needs  correction.  Unclamp  the  vernier  plate, 
and,  without  touching  the  telescope,  revolve  the  instrument 
about  its  vertical  axis  sufficiently  far  to  take  another  sight 
upon  the  point  B,  Then  turn  the  telescope  on  its  axis  and 
locate  a  third  point,  as  at  C,  Measure  the  distance  C  D^ 
and  at  E,  one-fourth  of  the  distance  from  C  to  Z^,  set  the 
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pin  or  tack.  Move  the  cross-hairs,  by  means  of  the  capstan- 
headed  screws,  until  the  vertical  hair  exactly  covers  the  pin 
at  -£",  being  careful  to  move  it  in  the  opposite  direction  from 
that  in  which  it  appears  it  should  be  moved.  Having  done 
this,  and  then  having  reversed  the  telescope,  the  line  of 
sight  will  not  be  at  the  point  B^  but  at  C,  a  distance  from  B 
equal  to  C  E.  Again  sight  to  B,  then  reverse,  and  the  pin 
will  be  at  F  in  the  same  straight  line  with  A  B.  It  may  be 
necessary  to  repeat  the  operation  to  secure  an  exact  adjust- 
ment. 

■ 

1173.  Third  Adjustment. — To  make  the  horizontal 
axis  of  the  telescope  parallel  to  the  vernier  plate ^  so  that  the 
line  of  collintation  will  rezfolve  in  a  vertical  plane. 

Sight  to  some  point  A^  Fig.  212,  at  the  top  of  a  building, 
so  that  the  telescope  will  be  elevated  at  a  large  angle. 
Depress  the  telescope,  and  set  a  pin  on  the  ground 
below  at  a  point  B.  Loosen  the  clamp,  turn  over 
the  telescope,  and  turn  the  plate  around  suffi- 
ciently far  to  take  an  approximately  accurate  sight 
upon  the  point  A.  Then,  clamp  the  instrument, 
and  again  take  an  exact  sight  to  the  point  A. 
Next,  depress  the  telescope,  and  set  another  pin 
on  the  ground,  which  will  come  at  C.  The  dis- 
tance B  C  is  double  the  error  of  adjustment. 
Correct  the  error  by  raising  or  lowering  one  end 
of  the  telescope  axis  by  means  of  a  small  screw 
placed  in  the  standard  for  that  purpose.  The 
amount  the  screw  must  be  turned  is  determined 
only  by  repeated  trials. 

Pig.  212.  1 1 74,     Fourth  AcUustment. —  To  make  the 

axis  of  the  attached  level  of  the  telescope  parallel  to  the  line  of 
colliination. 

Drive  two  stakes  at  equal  distances  from  the  instrument 
and  in  exactly  opposite  directions.  Level  the  plate  care- 
fully, and  clamp  the  telescope  in  a  horizontal  position,  or  as 
nearly  so  as  possible.  Sight  to  a  rod  placed  alternately  upon 
each  stake,  and  have  the  stakes  driven  down  until  the  rod- 
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reading  is  the  same  on  both  stakes.  When  this  condition  is 
reached,  the  heads  of  the  stakes  are  at  the  same  level.  Then, 
move  the  instrument  beyond  one  stake,  and  set  it  up  so  that 
it  will  be  in  line  with  both  stakes.  Level  the  plate  again,  and 
elevate  or  depress  the  telescope  so  that,  when  a  sight  is 
taken  to  the  rod  held  on  first  one  stake  and  then  on  the 
other,  the  reading  will  be  alike  on  both.  In  this  position, 
the  line  of  coUimation  is  level,  and  the  bubble  in  the  level 
attached  to  the  telescope  should  stand  in  the  center  of  the 
bubble-tube.  If  it  does  not,  bring  it  to  the  center  by  turn- 
ing the  nuts  at  the  ends  of  the  tube,  being  careful  at  the 
same  time  to  keep  the  telescope  in  the  position  that  gives 
equal  rod-readings  on  both  stakes. 


HO^W  TO  RBAD  TUB  VBRNIBK. 

1175.  The  vernier  of  a  transit  is  direct  reading,  30 
divisions  on  the  vernier  scale  being  equal  to  29  half-degree 
graduations  on  the  limb. 

1176.  To  read  the  vernier  in  Fig.  213,  we  look  first  for 
the  zero  of  the  vernier,  and  find  it  is  between  the  15**  and 


Pig.  218. 

15^°  graduation  of  the  limb.  The  outer  graduations  in- 
crease from  0°  on  the  right  to  10°,  20°,  30°,  etc.,  on  the  left; 
that  is,  the  increase  is  from  rig/it  to  left.  Consequently, 
we  start  at  the  zero  of  the  vernier  and  read  towards  the 
left  until  a  graduation  is  reached  which  exactly  coincides 
with  a  graduation  on  the  limb.  This  graduation  is  found  to 
be  the  sixth  one  from  the  zero,  and  indicates  six  minutes, 
since  the  vernier  is  divided  into  thirty  minutes  on  each  side 
of  zero.     These  six  minutes,  being  an  increase  from  the  15° 
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graduation  on  the  limb  towards  the  15^^°  graduation,  must  be 
added,  and  we  obtain  15°+  00'=  lo*"  OG'  as  the  proper  reading. 

1177.  To  read  the  position  of  the  vernier  in  Fig.  214, 
we  look  first  for  the  zero  of  the  vernier,  and  find  it  is  be- 
tween the  67°  30'  and  68°  graduation  on  the  limb.     The 


outer  graduations  increase  from  50°  on  the  right  to  60°,  70°, 
80°,  etc.,  towards  the  left;  that  is,  the  increase  is  from  ri^/U 
to  left.  Consequently,  starting  at  the  zero  of  the  vernier, 
we  also  read  towards  t/tc  left  until  a  graduation  on  the 
vernier  is  reached  which  exactly  coincides  with  a  graduation 
on  the  limb.  This  graduation  is  found  to  be  the  thirteenth 
one  from  the  zero,  and  indicates  thirteen  minutes.  These 
thirteen  minutes,  being  an  increase  from  the  67°  30'  gradua- 
tion on  the  limb  towards  the  68°  graduation,  must  beadded^ 
and  we  obtain  67°  30'  +  13'  =  67°  43'  as  the  proper  reading. 

1 1 78.     To  read  the  position  of  the  vernier  in  Fig.  215, 
we  look  first  for  the  zero  of  the  vernier,  and  find  it  is  be- 


FlG.  215. 

tween  the  31°  30'  and  32°  graduation  of  the  limb.  The 
outer  graduations  read  from  20°  on  the  left  to  30°,  40°,  50°, 
etc.,  on  the  right;  that  is,  they  increase  numerically  from 
lift  to  right.  Consequently,  starting  at  the  zero  of  the 
vernier,  we  also  read  towards  the  right  until  a  graduation  on 
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Jthe  vernier  is  reached  which  exactly  coincides  with  a  gradua- 
tion on  the  limb.  This  graduation  is  found  to  be  the 
twenty-eighth  one  from  the  zero,  and  indicates  twenty- 
eight  minutes.  These  twenty-eight  minutes,  being  an  in- 
crease from  the  31°  30'  graduation  on  the  limb  towards  the 
32'"  graduation,  must  be  added,  and  we  obtain  31°  30'+  28'  = 
31°  68'  as  the  proper  reading. 

1 1 79.  To  read  the  position  of  the  vernier  in  Fig.  216, 
we  look  first  for  the  zero  of  the  vernier,  and  find  it  is  be- 
tween the  74°  and  74°  30'  graduation  of  the  limb.  The 
outer  graduations  read  from  60°  on  the  left  to  70°,  80°,  and 
90°  on  the  right;  that  is,  they  increase  numerically  from 
left  to  right.     Starting  at  the  zero  of  the  vernier,  we  also 


Fig.  816. 

read  towards  the  right  until  a  graduation  on  the  vernier  is 
reached  which  exactly  coincides  with  a  graduation  on  the 
limb.  This  graduation  is  found  to  be  the  twenty-third  one 
from  the  zero,  and  indicates  twenty-three  minutes.  These 
twenty-three  minutes,  being  an  increase  from  the  74° 
graduation  on  the  limb  towards  the  74°  30'  graduation, 
must  be  added,  and  we  obtain  74°  +  23'  =  74°  23'  as  the 
correct  reading. 


MEASUREMENT    OF   HORIZONTAL   ANGLES. 

1180.  A  horizontal  angle  is  an  angle  measured  in  a 
horizontal  plane  from  one  point  to  two  other  points,  which 
may  be,  but  usually  are  not,  in  a  horizontal  plane. 

In  measuring  horizt)ntal  angles,  it  does  not  matter 
whether  the  telescope  has  to  be  elevated  or  depressed,  since 
the  telescope  revolves  on  its  axis  in  a  vertical  plane,  and 
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the  angles   measured  are  always  the  horizontal  projections 
of  the  true  angles. 

Place  the  axis  of  the  instrument  exactly  over  the  point 
at  which  the  angle  is  to  be  measured.  This  is  effected  by 
means  of  a  plumb-bob  suspended  from  the  center  of  the 
sliding  center  plate  which  fits  into  the  head  of  the  tripod. 
Level  the  instrument.  Place  the  zero  of  the*  vernier  near 
the  zero  of  the  fixed  plate,  and  fasten  the  clamp-screw  e^ 
Fig.  209,  of  the  vernier  plate,  thus  binding  the  vernier 
plate  and  the  fixed  plate  together.  Turn  the  screw. ^  un- 
til the  zeros  coincide  exactly.  Loosen  the  lower  clamp  H^ 
thus  permitting  the  instrument  to  be  turned  about  its 
spindle;  direct  the  telescope  upon  one  of  the  objects  very 
nearly,  and  without  wasting  time  in  trying  to  secure  per- 
fect bisection  of  the  cross-hairs,  tighten  this  lower  clamp 
7/,  and  make  perfect  bisection  with  the  tangent  screws 
C,  G,  This  having  been  done,  loosen  the  clamp-screw  e  of 
the  vernier  plate  and  direct  the  telescope  upon  the  other 
object.  Tighten  ^,  and  make  the  cross-hairs  bisect  this 
object  by  turning  the  tangent  screw  b.  The  angle  sought 
is  the  angle  passed  over  by  the  zero  of  the  vernier  plate, 
and  is  read  oft  the  fixed  plate  from  its  zero-point  to  the 
point  that  coincides  with  the  zero  of  the  vernier. 

1181.     To  find  with  the  transit  the  azimuths  of  several 
successive  courses  with  a  given  first  course. 

Let  A  B,  Fig.  217,  be  the  given  first  course.  Place  the 
instrument  at  B^  and  carefully  level  it.     Make  the  zero  of 

the  vernier  coincide  with  the  zero 
of  the  plate,  and  clamp  the  vernier 
plate  to  the  horizontal  limb  by  the 
clamp-screw  e,  Fig.  209.  Direct 
the  telescope  (bubble-tube  up- 
wards) upon  A,  and  clamp  the 
limb  by  turning  H.  Turn  the  tan- 
gent screws  C,  G  until  the  cross- 
^j,  ^  ,  hairs  exactly  bisect  A.     Reverse 

Pig.  217.  the  telescope  by  revolving  it  upon 
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its  horizontal  axis,  and  it  will  point  in  the  direction  of  B  R^ 
the  prolongation  ot  A  B;  unclamp  the  vernier  plate  by 
turning  e,  and  direct  the  telescope  to  C,  Clamp  ^,  and  make 
the  bisection  by  turning  d.  The  reading  will  be  the  angle 
R  B  C  (the  azimuth  of  B  C  with  A  B)^  and  is  equal  to  the 
number  of  degrees  on  the  plate  passed  over  by  the  zero  of 
the  vernier.  Keep  the  vernier  plate  clamped,  and  remove 
the  instrument  to  C,  reverse  the  telescope  on  its  horizontal 
axis  so  the  bubble-tube  is  on  top,  loosen  the  lower  clamp  H^ 
and  sfght  to  B,  The  fixed  plate  has  now  its  zero-point  in 
the  direction  of  Q  P^  parallel  to  A  R,  as  it  had  at  B.  Re- 
volve the  telescope  on  its  horizontal  axis  so  that  it  points 
in  the  direction  C  ?n;  now  loosen  the  vernier  plate  by  the 
clamp-screw  e,  and  direct  the  telescope  on  the  point  D.  The 
reading  will  be  the  angle  Q  C  D,  which  C  D  makes  with 
P  Qy  or  with  its  parallel  A  R,  and  is  the  azimuth  ot  C  D 
with  A  B.  Proceed  in  like  manner  with  any  number  of 
successive  courses. 

If  this  process  be  continued  around  to  the  point  A,  form- 
ing a  closed  polygon,  and  a  sight  be  taken  from  A  to  B, 
the  reading  of  the  instrument  will  be,  if  the  work  be  cor- 
rect, the  same  as  it  was  at  the  start,  viz. ,  0°.  Again,  had  a 
sight  been  taken  from  E  to  B^  and  the  transit  moved  to  B 
and  sighted  to  C,  the  reading  should  be  the  same  as  it  was 
when  the  instrument  was  first  set  up  at  B  and  directed  to  C, 
Surveyors  take  advantage  of  this  principle  to  check  the 
transit  work,  considering  a  close  in  arc,  as  it  is  termed,  to 
be  within  one  minute  for  good  work. 

The  course  A  B^  with  respect  to  which  the  azimuths  are 
tak^n,  is  called  the  meridian  of  ttie  survey. 

1 182.  In  finding  the  area  of  a  piece  of  ground,  it  is  not 
necessary  to  know  the  magnetic  bearings  of  the  courses.  It 
is  sufficient  to  have  the  bearings  of  the  several  successive 
courses  with  respect  to  one  of  the  courses  taken  as  a  meridian. 
These  may  be  found  from  the  azimuths,  determined  as 
above,  in  the  following  manner: 

Let  us  suppose  that  the  course  taken  to  start  with  is  a 


12 


MINE  SURVEYING  AND  MAPPING. 


§9 


:^ 


north  and  south  line.  We  will  consider  this  course  as  the 
meridian  to  which  the  azimuths  of  all  succeeding  courses 
will  be  referred. 

Let  the  course  A  B^  Fig.  218,  be  taken  as  this  merid- 
ian. The  azimuths  of  the 
succeeding  courses  are 
found  by  the  transit,  by  the 
method  already  described, 
to  be  as  follows : 

The  azimuth  of  A^B  re- 
ferred to  ^  ^  =  0°. 

The  azimuth  of  B  C  re- 
ferred to  A  B  =  70'',  angle 
turned  to  the  right. 
I  '  ^o  The  azimuth  of  C  D  re- 

"*  f erred  to  A  B  =  150°,  angle 

turned  to  the  right. 

The  azimuth  oi  D  E  re- 
^  ferred  to  ^  ^  =  265°,  angle 
,Jf  turned  to  the  right. 

The  azimuth  oi  E  A  re- 
ferred to  ^  ^  =  288°,  angle 
turned  to  the  right. 

In  order,  now,  to  reduce 
these  azimuths  to  the  bear- 
ings of  the  courses,  we  must 
bear  in  mind  that  these  azi- 
muths were  obtained  by  turning  off  angles  to  the  right 
by  means  of  the  vernier.  In  Fig.  219,  the  vernier  is  con- 
ceived as  moving  in  the  direction  of  the  hands  of  a  watch. 
It  is  plainly  seen  from  it  that: 

When  the  azimuth  is  0°,  the  course  is  due  north. 
When  the  azimuth  is  between  0°  and  90°,  the  course  lies 
in  a  N  E  direction. 

When  the  azimuth  is  exactly  90°,  the  course  is  due  east. 
When  the  azimuth  is  between  90°  and  180°,  the  course  lies 
in  a  S  E  direction. 

When  the  azimuth  is  exactly  180°,  the  course  is  due  south. 


Fig.  218. 
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When  the  azimuth  is  between  180°  and  270°,  the  course 
lies  in  a  S  W  direction. 
When  the  azimuth  is  exactly  270°,  the  course  is  due  west. 


Fig.  210. 

When  the  azimuth  is  between  270°  and  360°,  the  course 
lies  in  a  N  W  direction. 

When  the  azimuth  is  exactly  360°  or  0°,  the  course  is  due 
north,  as  before. 

1183.  Consulting  Fig.  218,  with  A  B  sls  the  meridian, 
the  azimuth  of  B  C,  70°,  is  also  its  bearing  N  70°  E. 

The  azimuth  oi  C  D  =  150°,  and  its  bearing  with  A  B  = 
180°  —  150°  =  S  30°  E. 

The  azimuth  of  D  £  =  265°,  and  its  bearing  with  A  B  = 
265°  -  180°  =  S  85°  W. 
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The  azimuth  of  E  A  =  288°,  and  its  bearing  with  A  B  ^ 
360*'  -  288°  =  N  72°  W. 


Station. 

Azimuth  with 
AB. 

Bearing  with 
AB, 

A 

0° 

North 

B 

70°    . 

N70°E 

C 

150° 

S  30°  E 

D 

265° 

S  85°  W 

E 

« 

288° 

N72°W 

Hence,  we  see,  Fig.  218: 

When  the  azimuth  is  less  than  90°,  the  course  has  the 
same  angle  with  the  bearing  in  the  N  E  direction. 

When  the  azimuth  lies  between  90°  and  180°,  the  azimuth 
subtracted  from  180°  gives  the  bearing  of  the  course  in  a 
S  E  direction. 

When  the  azimuth  lies  between  180°  and  270°,  the  bear- 
ing is  obtained  by  subtracting  180°  from  the  azimuth,  and 
the  course  is  S  W. 

When  the  azimuth  lies  between  270°  and  360°,  the  bearing 
is  obtained  by  subtracting  the  azimuth  from  360°,  and  the 
course  is  N  W. 

In  the  above,  the  meridian  A  B  was  assumed  to  be  a  north 
and  south  line.  It  may  or  may  not  be.  Suppose  it  is  also 
desired  to  find  the  magnetic  bearings  of  the  courses  from 
their  azimuths.  Then,  if  ^  ^  is  not  really  a  north  and 
south  line,  its  magnetic  bearing  must  be  obtained  by  the 
compass,  and  then  the  magnetic  bearings  of  the  succeeding 
courses  can  be  calculated  by  adding  or  subtracting  the 
magnetic  bearing  of  ^  ^  to  the  azimuths  of  the  given 
courses,  according  as  the  magnetic  bearing  of  yi  j5  is  N  E  or 
N  W  of  the  meridian,  or  north  and  south  line. 

Above,  A  B  was  assumed  to  be  the  meridian.  Now,  sup- 
pose A  7?,  Fig.  220,  was  in  reality  a  line  bearing  N  20°  E. 
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Then,  by  adding  this  20°  to  the  azimuths  of  the  successive 
courses  when  referred  to  ^  ^  as  the  meridian,  we  obtain  the 


Fig.  2iiO. 


azimuths  of  the  several  courses  referred  to  the  magnetic 
meridiafi.  Their  magnetic  bearings,  or  bearings  when  re- 
ferred to  this  magnetic  meridian,  are  as  follows : 
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1 

Station. 

Azimuth  with 
A  B. 

Azimuth 

with  Magnetic 

Meridian. 

Bearing 

with  Magnetic 

Meridian. 

A 

0° 

0°  +  20° 

N20°  E 

B 

70° 

70°  +  20° 

Due  East 

C 

150° 

150°  +  20° 

S   10°  E 

D 

265° 

205°  +  20° 

N  75°  W 

E 

288° 

288°  +  20° 

N  52°  W 

If  the  magnetic  bearing  of  A  B  were  N  20°  W,  then  the  20° 
would  have  to  be  subtracted  from  the  various  azimuths,  and 
the  bearings  calculated  as  suggested  above  would  become : 


Station. 

Azimuth  with 
AB. 

Azimuth 

with  Magnetic 

Meridian. 

Bearing 

with  Magnetic 

Meridian. 

A 

0° 

0°  -  20° 

N  20°  W 

B 

70° 

70°       20° 

N50°  E 

c 

150° 

150°  -  20° 

S  50°  E 

D 

205° 

205°  -  20° 

S  C5°  W 

E 

288° 

288°  -  20° 

S  88°  W 

OBSTACLBS  TO  ALINEMENT. 
1184.     Fig.  221  shows  a  method  of  prolonging  a  line, 
as  A  B^  when  an  obstacle,  such  as  a  house,  rock,  or  tree,  is 
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encountered.  The  instrument  is  set  up  at  B^  and  a  line  is 
turned  off  at  right  angles  X.o  A  B  towards  6",  and  the  dis- 
tance accurately  measured.  From  Ca  line  on  the  original 
course,  or  parallel  with  A  B,  is  run  towards  D.  From  D  a 
line  is  turned  off  at  right  angles  towards  E^  which  must  be 
exactly  the  same  distance  from  D  as  C  is  from  B,     Then, 
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the  point  E  being  in  exact  line  with  A  and  B^  the  line  E  F 
is  run  as  far  as  desired  on  the  same  course  as  the  line  from 
A  to  B, 

1 1 85.  Fig.  222  shows  a  method  of  prolonging  the  line 
A  B  by  means  of  an  equilateral  triangle.  The  instrument 
is  set  up  at  the  point  By  and  an  angle  D  B  C  equal  to  G0°  is 
turned  off,  and  the  line  B  C  laid  off  any  convenient  distance. 
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The  line  C  D  \%  then  laid  off,  equal  to  B  C,  and  making  an 
angle  of  60°  with  it.  Finally,  at  D  the  line  D  E  is  laid  off, 
making  an  angle  of  60°  with  the  line  CD  prolonged.  The 
line  D  E  will  be  the  prolongation  of  the  line  A  B. 


TRANSIT    AND    SIDE    NOTES. 

1 1 86.  Transit  notes  comprise  all  angular  measure- 
ments and  the  total  distances  between  stations;  they  are 
kept  by  the  transitman.  Side  notes  include  all  linear 
measurements  usually  accompanied  with  a  graphic  sketch, 
especially  where  such  sketch  is  more  effective  than  written 
remarks  for  the  draftsman.  These  notes  ^re  best  kept  by 
a  special  noteman  who  goes  along  with  the  chainmen. 

There  are  a  great  many  ways  of  recording  the  notes  of  a 
mine  survey,  each  engineer  having  a  favorite  method. 
Whatever  the  method,  it  should  be  such  a  one  as  may  be 
readily  understood  by  any  mine  surveyor  who  might  have 
occasion  to  use  the  notes.  Completeness  and  neatness  are 
the  essential  points  to  be  observed. 

1187,  The  best  method  of  keeping  transit  and  side 
notes  is  where  each  set  of  notes  is  kept  in  a  separate  book. 
This  method  is  imperative  where  two  men  do  the  work  at 
the  same  time.  Each  mine  should  have  a  separate  set  of 
books   for   ordinary    and   special   work,   in  order  that  the 
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engineer  will  have  reference  notes  in  a  portable  form.  With 
a  special  book  for  each  mine,  no  index  is  needed  to  find  a 
certain  survey,  as  the  book  for  the  proper  mine  can  be 
taken,  the  date  looked  up,  and  the  notes  found. 

1 1 88.  Form  for  Transit  Notes. — It  is  impossible  to 
give  a  general  form  for  transit  notes,  as  forms  must  vary 
according  to  conditions  and  requirements.  Only  such  a 
form  will  be  given  here  as  will  enable  the  student  to  under- 
stand the  principles  involved,  whereby  he  can  read  other 
forms  at  sight,  and  even  devise  suitable  forms  for  special  re- 
quirements. By  paying  strict  attention  to  the  various 
forms  used  throughout  this  paper,  the  student  will  have  no 
difficulty  in  understanding  the  need  and  advisability  of 
having  different  forms  for  different  work. 

Suppose  the  transit  is  set  up  at  ^;  with  backsight  to  a; 
foresight  to  c;  the  azimuth,  reading  from  6  to  ^,  16°  38'; 
bearing  N  16°  12'  E;  and  the  distance  *  ^  is  532.87  feet 
measured  on  a  pitch  of  -f-  15°  28'.     Then  a  good  form  will  be : 


Sta- 
tion. 

Azi- 
muth. 

Bearing. 

Vertical 
Angle. 

Actual 
Distance. 

Remarks. 

a 
b--c 

16°  38' 

N16°12'E 

-h  15°  28' 

532.87 

Sta.  b  is  on 
west     side    of 
Lift     No.     4, 
Eureka  Mine. 

1 1 89.  Form  for  Side  Notes. — Side  notes,  quite  un- 
like transit  notes,  can  have  a  special  form  for  all  mine  work, 
although  engineers  differ  in  opinion  as  to  which  is  the  best 
general  form. 

The  taking  of  side  notes  in  an  ordinary  outside  survey  is 
secondary  to  the  instrumental  work;  while  in  underground 
work  of  ordinary  character,  the  lines  of  the  survey  are 
skeletons  upon  which  the  side  notes  are  built.  The  side 
notes  are,  therefore,  of  the  highest  value,  and  the  forms  for 
taking  them  should  embrace  the  salient  features  of  the 
underground  work,  so  that  the  draftsman  can  reproduce 
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5-81-4 


6-57-8 


4-48-1 


6-81 


6-90'5 
185.65 


5-168-5 


6    {1^    11 
101.85 

5' 85 -18 


6^66 
6-58-11 


them  faithfully,  even  if  he  may  never  have   been   inside. 
The  form  shown  in  Fig.  223  is  given  as  one  of  the  best  in  use. 

Here  the  object  is  to  sketch       ■ 
approximately  the  underground       I 
workings,  and  to  place  the  num-   — '  •"•*- 
bers  of  the  stations  and  meas-   " 
urements  upon  the   sketch    in 
an    intelligible    manner.     The 
number  of  a  station  is  placed 
in  a  rectangle,  and  the  distance 
of  that  station  from  the  prece-  "^ 
ding  one  is  placed  immediately 
under  the  rectangle.    The  num- 
bers in  the  center  of  the  passage 
give     the     distance    measured 
along  the  survey  line  from  the 
preceding  station,  at  which  side 
measurements     were    taken. 
These    measurements    are    re- 
corded   on    each    side    of    the    central    measurement. 


4-84-10 


5-15-6 


5 5 

887.58 


Fig.  2S8. 


I 


1190*  When  the  corners  of  the  pillars  are  rounded  off 
at  the  intersection  of  two  passageways,  it  is  a  good  plan  to 

note  as  the  corner  of  each  pillar  the  point 
of  intersection  of  the  two  lines  which  rep- 
resent the  general  direction  of  the  two  ad- 
jacent sides  of  the  pillar.  Thus,  in  Fig. 
224  are  shown  two  intersecting  headings, 
or  entries,  /^,  with  the  corners  of  the  pil- 
lars /  rounded  off.  The  points  c  which 
are  taken  as  the  corners  of  the  pillars/ 
[^  _^-.^^«_  ^^^  usually  determined  by  the  chainman 
Fig.  224.  in  a  practical  way.     He  first  stands  in  line 

with  one  side  of  the  pillar,  and  then  moves  along  this  line 
until  he  gets  in  line  with  the  adjacent  side  of  the  same 
pillar,  and  thus  locates  the  corner. 

1191.  For  the  transit  work  and  the  chaining,  the  fol- 
lowing form  of  notes  will  answer  for  all  purposes  when  the 
elevations  are  not  carried  with  the  transit : 
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Station. 


Azimuth. 


Magnetic 
Needle. 


Bearing. 


Vertical 
Angle. 


Distance. 


The  magnetic  needle  readings  are  taken  merely  to  check 
the  azimuth  readings.  The  bearings  are  determined  from 
the  azimuth  readings  in  the  office.  Following  are  notes  of 
an  actual  survey,  with  the  magnetic-  needle  and  azimuth 
columns  omitted: 


Station. 

Bearing. 

Vertical . 

Angle. 

Distance. 

1176-1177 

S  40°  48'  W 

115.20 

1177-1253 

S  13°  33'  E 

+    2° 

40' 

53.16 

1253-1254 

S  82°  39'  E 

88.46 

1254-1255 

S  G5°  08'  E 

+    0° 

30' 

144. 68 

1255-1256 

S  79°  19'  E 

122.81 

1256-1268 

N79°31'W 

86.60 

1268-1269 

S    9°  3 1'  W 

+  21° 

59' 

37.91 

1269-1270 

N  82°  37'  W 

57.71 

1270-1271 

N  72°  25'  W 

-    2° 

04' 

67.35 

1270  face 

S    0°  30'  E 

+  25° 

15' 

65.00 

1271-1272 

N  52°  48'  W 

-    4° 

18' 

63.64  . 

1271-1273 

S  31°  32'  W 

+  19° 

02' 

89.06  • 

1273-face 

S    1°  45'  E 

+  37° 

30' 

65.00 

1272-1274 

N  88°  44'  W 

+    2° 

29' 

43.45 

1272-1275 

S  17°  58'  W 

+  16° 

47' 

105, 38 

1275-face 

S  10°  10'  W 

+  30° 

58' 

95;  00 

1274-1276 

N  87°  19'  W 

1° 

15' 

46(77 

1274-1277 

S  19°  38'  W 

+  16° 

38' 

112.15 

1277-face 

S15°3G'W 

+  30° 

45' 

110.00 

1276-1278 

N  48°  33'  W 

-    6° 

10' 

46.86 

1278-1279 

N  42°  12'  W 

-  r 

20' 

42.21 

1278-1280 

S  23°  31' W 

+  16" 

33' 

121.73 

1280-face 

S  10"  32'  E 

+  25° 

00' 

100.00 

1279-1281 

N  12°  13'  E 

-    1° 

08' 

44.09 

i 
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1192.  It  will  be  noticed  that  some  vertical  angles  are 
recorded  with  the  plus  ( + )  sign  and  others  with  the 
minus  (  —  )  sign.  The  plus  angles  indicate  that  the  meas- 
urements were  made  up  the  pitch,  and  the  minus  angles 
that  they  were  made  down  the  pitch.  Both  are,  of  course, 
reduced  to  a  horizontal  distance  in  the  same  way,  namely, 
by  multiplying  the  measured  distance  by  the  natural  cosine 
of  the  angle  of  inclination.  This  reduction  must  be  made 
for  each  inclined  measurement  before  latitudes  and  depar- 
tures can  be  calculated,  for  in  these  only  horizontal  distances 
can  be  used.  Where  no  vertical  angle  is  recorded,  the 
measurement  was  made  horizontally. 

The  traversed  notes,  except  for  the  face  sights  (such  as 
1270-face,  etc.),  are  given  in  Art.  1191.  It  is  well  not  to 
traverse  a  face  sight,  but  to  plat  it  with  the  protractor, 
which  requires  less  work  and  is  quite  accurate.  The  total 
latitudes  and  departures  are  here  calculated  with  reference 
to  Sta.  1176  as  the  initial  station  of  the  survey,  which  is  not, 
of  course,  the  initial  station  in  the  original  survey. 

1193.  Fig.  225  shows  the  side  notes  of  the  gangway. 
The  chutes  leading  up  into  the  breasts  or  chambers  are  of  a 
uniform  width  of  10  feet ;  hence,  this  distance  is  recorded 
only  occasionally. 

'  Where  distances  have  not  been  measured  horizontally,  it 
must  be  remembered  that,  before  the  side  notes  can  be 
platted,  the  distances  which  locate  them  must  first  be 
reduced  to  horizontal  distances.  For  example,  the  side 
notes.  Fig.  226,  show  measurements  between  Sta.  1275  and 
the  face  at  15,  28,  and  95  feet.  The  transit  notes  show  the 
inclination  upon  which  these  distances  were  measured  to  be 
+  30°  58' ;  hence,  before  they  can  be  platted,  they  must  be 
reduced  to  their  respective  horizontal  distances,  namely, 
13,  24,  and  81  feet,  the  nearest  even  foot  being  sufficiently 
close. 

It  will  be  noticed  that  the  course  from  Sta.  1256  to  Sta. 
1268  is  almost  a  backsight  on  the  course  from  Sta.  1255  to 
Sta.  1256.     The    foresight   from  Sta.  1255 '  to   Sta.  1256   is 
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S  79°  19'  E,  while  the  bearing  from  Sta.  1251!  to  Sta.  1368  is 
N  79°  31'  W.     This  difference  can  not  be  shown  on  a  plan 


drawn  to  as  small  a  scale  as  Fig.  227;  hence,  Stas.  1256, 
1268,  and  1255  on  this  plat  appear  to  be  in  the  same  straight 
line.  

CURVES. 

1 194.  In  addition  to  the  sharp  curves  in  mines,  which 
must  be  put  in  with  the  instrument,  particularly  where  rope 
haulage  is  employed,  it  often  happens,  when  opening  a  new 
mine,  that  the  mining  engineer  is  called  upon  to  survey  a 
branch  railroad  from  the  main  line  to  the  mine,  thus 
necessitating  a  knowledge  of  laying  out  curves. 

A  line  of  railroad  consists  of  a  series  of  straight  lines  and 
curves.  In  general,  the  straight  lines,  or,  more  properly, 
the  tangents,  are  first  located,  and  then  they  are  united  by 
curves  best  fitting  the  ground  lying  between  the  tangents. 


§9 


MINE  SURVEYING  AND  MAPPING. 


25 


There  are  certain  limits  of  curvature  prescribed  for  all 
roads,  which  must  not  be  exceeded.  These  limits  will 
depend  upon  conditions  to  be  explained  later.  Railroad 
curves  are  circular,  and  are  divided  into  simple^  compound^ 
and  reversed  curves. 

1 195*     A  simple  curve  has  but  one  radius,  as  curve 
A  By  Fig.  228,  whose  radius  is  -^  C     A  compound  curve. 


Fig.  sso. 


shown  in  Fig.  229,  is  a  continuous  curve  of  two  or  more  arcs 

of  different  radii,  as  C  D  E  F^  which  is  composed  of  the  arcs 

C  Dy  D  Ey  and  E  F^  whose  respective  radii  are  G  C\  H D^  and 

K  E,      A    reversed    curve 

(see  Fig.  230)  is  a  continuous 

curve  composed  of   two   arcs  ^x^ 

L  M  and  M N^  of  the  same  or 

of  different  radii,  described  in 

the    opposite    directions,  and 

having    a   common   point  M, 

called   the  point   of   reversal. 

Reversed   curves,   though   common    in   the   early  days   of 

railroad  building  in  the  United  States,  are  now  condemned 

for   roads   of   standard   gauge,  and   are   only  admitted  for 

narrow-gauge  roads,  when  cheapness  of  construction  is  the 

first  requirement. 

1196*  Geometry  of  the  Circle. — Before  attempting 
to  lay  out  curves,  a  knowledge  of  geometry  relating  to  the 
circle  must  be  mastered.  The  following  propositions  are  of 
special  importance: 

1.  A  tangent  to  a  circle  is  perpendicular  to  the  radius 
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drawn  through  its  tangent  point.     Thus,  A  E^  Fig.  231,  is 
perpendicular  to  B  (9,  and  C E  is  perpendicular  to  CO, 

2.  Two  tangents  drawn  to  a  circle  from  any  point  have 
equal  lengths,  and  if  a  chord  be  drawn  joining  these  points, 
the  angles  between  the  chord  and  the  tangents  are  equal. 
Thus,  BE  and  C E  are  equal,  and  the  angles  EBC  and 
EC B  are  equal. 

3.  An  acute  angle,  subtended  by  a  chord  and  having  its 
vertex  in  the  circumference  of  the  circle,  is  equal  to  half 


the  central  angle  subtended  by  the  same  chord;  thus,  the 
angle  G B H is  equal  to  one-half  the  angle  GO H, 

4.  An  acute  angle,  included  between  a  tangent  and  a 
chord,  and  whose  vertex  is  in  the  circumference,  is  equal  to 
one-half  the  central  angle  subtended  by  the  chord.  Thus, 
the  angle  jE" -ff  Cr,  being  included  between  the  tangent  ^-ff 
and  the  chord  B  G^  and  having  its  vertex  B  in  the  circum- 
ference, is  equal  to  half  the  central  angle  B  O  G^  subtended 
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by  the  same  chord  B  G.     In  like  manner,  the  angle  E  B  H 
is  equal  to  half  the  central  angle  B  O  H  - 

5.  Equal  chords  subtend  equal  angles  at  the  center  of  a 
circle,  and,  also,  at  the  circumference,  if  the  angles  are  in- 
scribed in  similar  segments.  Thus,  if  the  chords  B  G^ 
G  H,  H  K^  and  K  C  are  equal,  then  the  angles  B  O  G^ 
G  OH,  H0K,2LVidK0C  are  equal,  and  the  angles  G  B  H, 
H  B  K,  and  K  B  C  are  equal. 

6.  The  angle,  of  intersection  of  two  tangents  equals  the 
central  angle  subtended  by  the  chord  uniting  the  tangent 
points.     Thus,  the  angle  C E Fis  equal  to  the  angle  B  O C. 

1197.     Interaection  of  Tansento. — Let  A  B  and 

C  Dy  Fig.  232,  be  tangents  whose  point  of  intersection  and 

^^'^^Angle  of  Inter»e€ii0m» 
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the  angle  which  they  make  with  each  other  are  to  be  deter- 
mined. First,  set  up  a  flag  or  stake  at-ff,  and  another  at-^, 
or  some  other  point  in  the  line  A  B,  Set  up  the  transit  at 
C,  backsighting  to  D,  Reverse  the  instrument.  Have  a 
flagman  hold  a  rod  in  the  line  C  D,  at  the  same  time  put- 
ting himself  in  range  with  the  stakes  at  A  and  B,  With  a 
little  practice,  he  can  nearly  determine  the  intersection  /  of 
the  two  lines.  Then  drive  two  stakes  K  and  L  firmly  in  the 
line  CD,  one  on  each  side  of  the  point  /,  their  distance  from 
the  point  /  being  roughly  determined  by  the  size  of  the 
angle  AID.  Carefully  center  these  stakes,  driving  a  tack 
half  its  length  in  each  center  Stretch  a  cord  between 
these  tacks.  Next,  set  up  the  instrument  at  B,  backsight- 
ing to  A,  Reversing  the  telescope,  set  a  flag  at  /,  which 
will  be  the  intersection  of  the  line  A  B  prolonged  with  L  D. 
Drive  a  stake  flush  with  the  ground  at  /and  drive  a  tack  in 
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this  stake  where  the  prolongation  of  A  B  crosses  the  chord 
connecting  the  stakes  at  K  and  L.  The  point  /  is  the  in- 
tersection of  '  the  tangents  A  B  and  C  D.  The  external 
angle  C I M  formed  by  the  intersecting  tangents  is  called 
the  angle  of  Intertiectlon. 

1198.  Deflection  Anslea. — When  two  lines  meet  in 
the  same  plane,  they  are  said  to  form  an  angle,  and  the 
point  of  meeting  is  called  the  angular  point.  The  rate 
of  divergence  or  deflection  of  the  two  lines  from  their  com- 
mon, or  angular,  point  determines  the  size  of  the  angle. 
The  unit  of  angular  measurement  is  the  degree^  equal  to 
■^-^  part  of  a  circle.  Two  lines  forming  an  angle  of  1  de- 
gree with  each  other  will,  at  a  distance  of  100  feet  from  the 
angular  point,  deflect  or  diverge  1.745  feet. 

In  Fig.  233,  the  lines  A  B  and  A  C,  meeting  at  the  point 
A^  are  supposed  to  form  an  angle  of  1°,  and  the  angle -ff-^  C 
is  measured  by  the  arc  B  C,  described  with  the  radius  A  B^ 


100' 

Pig.  288. 

which  is  100  feet  in  length.  The  arc  B  C  and  the  straight 
line  joining  the  extremities  of  that  arc,  that  is,  the  chord 
B  Cy  are  assumed  to  be  of  equal  length. 

1199.  Degree  of  Curvature. — The  curve  from 
which,  as  a  unit  or  basis,  all  other  railroad  curves  are  de- 
duced, is  called  a  one-degree  curve.  It  is  the  circum- 
ference of  a  circle  whose  radius  is  5,730  feet,  or,  more 
exactly,  5,729.65  feet,  in  length.  Two  radii  forming  an 
angle  of  one  degree  at  the  center  of  a  one-degree  curve  will 
subtend  a  chord  of  100  feet  at  its  circumference.  The  arc 
subtended  by  this  chord  of  100  feet  is  assumed  to  be  of  the 
same  length  as  the  chord. 

In  Fig.  234,  let  A  B  2ind  A  C  be  radii  5,729.65  feet  in 
length,  forming  an  angle  of  1°  at  the  center  A\  then,  the 
arc  B  C  subtended  by  these  radii  will  be  100  feet  in  length. 
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The  curve  B  Cis  called  a  V  curve.  If,  from  the  point  O  as 
a  center^  with  a  radius  OB  equal  to  2,864.93  feet,  we  de- 
scribe an  arc  B  />,  100  feet  in  length,  the  radii  OB  and  O  D 
will  form  an  angle  of  2°  at  the  center  O^  and  the  curve  B  D 

B 


Pig.  834. 

is  called  a  2^  curve.  A  curve  whose  radius  is  nearly  one- 
third  A  B,  or  1,910.08  feet,  is  a  3°  curve,  etc. 

The  decree  of  a  curve  is  determined  by  the  central 
angle,  which  is  subtended  by  a  chord  of  100  feet.  Thus,  if 
BOG.  Fig.  235,  is  10°,  and  B  G  \^  100  feet,  B G H K C is  a 
10°  curve. 

1 200*  The  deflection  angle  of  a  curve  is  the  angle 
formed  at  any  point  of  the  curve  between  a  tangent  and  a 
chord  of  100  feet.  The  deflection  angle  is,  therefore,  balf 
the  degree  of  tlie  curve.  Thus,  if  the  chord  B  G  is  100 
feet,  the  angle  E  B  G  is  the  deflection  angle  of  the  curve 
B G HK C,  and  is  half  the  angle  BOG. 

If,  in  Fig.  235,  O  L  is  drawn  perpendicular  to  B  G^  then 

s\viBOL  =  ^^.     Now,   BOL^\  BOG=EBG=^the 

OB  '  ^ 

deflection  angle  for  the  chord  B  G,  since  O  Z,,  being  per- 
pendicular to  the  chord  B  G^  bisects  the  arc  B  L  G.  If  the 
deflection  angle  be  denoted  by  Z),  and  the  radius  O  B  hy  R^ 
then,  by  substituting  these  values  in  the  given  equation, 

we  have 

BL       50 


sin  D  = 


R    "  R' 


50 
from  which  R  =  — — p..  (79.) 

sm  D  ^        ' 

1201.  For  curves  of  from  1°  to  10°,  the  radius  may  be 
found  by  dividing  5,730  feet  (the  radius  of  a  1°  curve)  by 
the  degree  of  the  curve.  The  results  obtained  are  sufficient- 
ly accurate  for  all  practical  purposes.  For  sharp  curves, 
that  is,   for  those  exceeding   10°,    formula   79    should  be 
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used,  especially  if  the  radii  are  to  be  used  as  a  basis  for 
further  calculation. 

For  example,  the  radius  of  a  4°  curve  is  found  by  both 
methods  as  follows:  By  first  method,  R  =  5,730  feet  -f-  4  = 
1,432.5  feet.  By  second  method,  we  find  the  deflection  angle 
i?  of  a  4°  curve  is  2°.     Applying  formula  79,  we  have 


R  = 


50 


=  1,432.67  feet. 


.0349 

In  this  case,  the  error  is  only  0.17  of  a  foot,  and  may  be 

F 


4oy>(y 

K       \ 


Ignored  in  practical  work.     For  a  30°  curve  we  have,  by 
first  method, 

R  =  M^  =  191  feet. 
By  second  method,  we  have 


/?=-. 


50 


sin  15' 


50 
.25882 


=  193.18  feet. 
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In  this  case,  the  error  is  2.18  feet,  and  the  error  increases 
as  the  degree  of  curve  increases. 

The  table  of  radii  given  in  this  book  is  calculated  by 
formula  79. 

1 202.     Sub-Chorda  for  Curves  of  Short  Radii.— 

On  curves  of  short  radii,  that  is,  curves  of  20°  and  upwards, 
center  stakes  are  driven  at  intervals  of  25  feet.  In  Art. 
1 1 99,  it  was  stated  that  the  standard  chord  and  arc  are 
assumed  to  be  of  the  same  length.  This  is  practically  true 
for  curves  of  large  radii,  but  for  curves  above  20°  the  ex- 
cess of  length  of  arc  over  the  chord  constantly  increases. 
If,  now,  in  Fig.  235,  the  chord  B Cis  100 feet  in  length,  the 
arc  B  G  If  KC  must  be  greater  thsLTi  100  feet;  and  if  the  arcs 
B  Gy  GH^H  K^  and  KC  are  equal,  that  is,  each  equal  to 
one-quarter  the  arc  B  H  C^  then  the  equal  chords  B  G^  G  H, 
H K^  and  KC  subtending  these  equal  arcs  must  each  be 
greater  than  one-quarter  of  B  C,  which  we  assumed  to  be  100 
feet.  These  greater  chords  must,  therefore,  be  greater  than 
25  feet.  Suppose  the  curve  -ff //"C  to  be  a  20°  curve,  and 
the  chord  ^ ClOO  feet ;  then,  the  central  angle  B O Cis  20°. 
As  the  arc  BG  is  one-quarter  of  the  arc  B  N  C,  the  central 

20° 
angle  B  O  G\s~-t-  =  5°.     The  line  O L  drawn  to  the  middle 

4 

point  of  the  chord  BG\s  perpendicular  to  B  G,  and  bisects 
the  angle  BOG.  The  deflection  angle  EBG—  BO L  — 
GO L,  Let  C designate  the  chord  BG\  Ry  the  radius  O B^ 
and  Z>,  the  deflection  angle  E  B  G  =  B  O  L.  In  the 
right-angled     triangle     B  O  L,    we     have     sin     B  O  L  ■=. 

-j^ — .     Substituting  the  above  given  values,  we  have  sin  D  — 

i  C 

^"o",  whence  ^  C=  R  sin  Z>,  and  C=2R  sin  D.     The  central 
A 

angle  for  the  chord  B  G  is  5°.     The  deflection  angle  D  is, 

therefore,  ^  =  2°  30'.    Sin  2°  30'  =  .04362.    Since  the  deflec* 

tion  angle  £BC  =10''  for  this  case,  R  =  50 -r- sin  10°  = 
287.94  feet.     Hence,  chord  T  =  2  X  287.94  X  .04362  =  25  12 
feet. 
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Accordingly,  in  measuring  the  short  chords,  25.12  feet  is 
used  instead  of  25  feet. 

1203.  Tangent  Distances. — When  an  intersection 
of  tangents  has  been  made  and  the  intersection  angle 
measured,  the  next  question  is  the  degree  of  curve  which 
is  to  unite  them,  which  being  decided,  the  next  step  in  order 
is  the  location  of  the  points  on  the  tangents  where  the 
curve  begins  and  ends.  These  two  points  are  equally  dis- 
tant from  the  point  of  intersection  of  the  tangents, 
which  is  called  the  P.  I.  The  point  where  the  curve  begins 
is  called  the  point  of  curve,  or  the  P.  C. ;  the  point  where 
the  curve  terminates  is  called  the  point  of  tansent,  or 
the  P.  T.  The  distance  of  the  P.  C.  and  P.  T.  from  the 
P.  I.  is  called  the  tangent  distance. 

1204.  In  Fig.  235,  let  A  B  and  CD  be  tangents  inter- 
secting at  the  point  -£  and  forming  an  angle  CEF  with 
each  other.  Call  the  angle  of  intersection  /,  the  radius  B  O 
call  R^  and  the  tangent  distance  BE  call  T.  From  Art. 
1196,  proposition  0,  we  have  B  O  C  =  C  E  F\  hence,  the 
angle  B  O  E  =  ^  C E  F.     From  the  right  triangle  E  B  O^we 

have 

BE  T 

tan  B  O  E—  ,,-^  =  tan  4^  /  =  -^, 

BO  ^         R 

from  which  T=R  tan  ^  /.  (80.) 

Now,  supposing,  in  Fig.  235,  the  intersection  angle /=  40°, 
and  it  is  decided  to  unite  the  tangents  by  a  10°  curve  whose 
radius  (see  Table  27)  is  573.00;  then,  since  A'  =  573.00,  |  /  = 
20°,  and  tan  20°  =  . 30307,  7^  =  573. 00 X. 30397=208. 8  feet. 
Measure  back  from  the  point  E  on  both  tangents  the  dis- 
tance 208.8  feet  to  the  points  B  and  C,  Drive  plugs  flush 
with  the  ground  at  both  points,  and  set  accurate  center 
points,  marked  by  tacks,  in  both.  Directly  opposite -each 
of  these  plugs  drive  a  stake,  called  a  Kuard  stalce,  because 
it  guards,  or,  rather,  indicates,  where  the  plug  is.  The  stake 
at  B^  if  the  numbering  of  the  stations  runs  from  B  towards  C, 
will  be  marked  P.  C,  and  the  stake  at  C  will  be  marked  P.  T. 
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1205.     To   Lay  Out  a   Curve   with  a  Transit.— 

Having  set  the  tangent  points  B  and  C,  Fig.  235,  set  up 
the  transit  at  B^  the  P.  C.  Set  the  vernier  at  zero,  and 
sight  to  Ey  the  intersection  point.  Suppose  B  to  be  an 
even,  or  ** full,"  station,  say  18,  and  that  it  has  been  de- 
cided to  set  stakes  at  each  hundred  feet.  Let  the  central 
angle  BOG,  measured  by  the  100-foot  chord  B  G,  be  10°; 
then,  the  deflection  angle  E  B  G,  having  its  vertex  B  in  the 
circumference,  and  being  subtended  by  the  chord  B  G,  will 
equal  ^  B  O  G,  or  5°.  Turn  an  angle  of  5°  from  B,  which 
in  this  case  will  be  to  the  right,  measure  a  full  chain  100  feet 
from  B,  and  line  in  the  flag  at  G;  drive  a  stake  at  G,  which 
will  be  marked  19.  Turn  off  an  additional  5°,  making  10° 
froni  zero,  and  at  the  end  of  another  chain,  at  /^,  set  a  stake 
marked  20.  Continue  turning  deflections  of  5°  until  20°,  or 
one-half  of  the  intersection  angle,  is  reached.  This  last  de- 
flection, if  the  work  has  been  correctly  done,  will  bring  the 
fore-chainman  to  the  point  of  tangency  C.  It  is  but  rarely 
that  the  P.  C.  comes  at  a  full  station.  When  the  P.  C.  comes 
between  full  stations,  it  is  called  a  sub-station,  and  the 
chord  between  it  and  the  next  full  station  is  called  a  sub- 
chord.  Had  the  P.  C.  of  the  curve  come  at  a  sub-station, 
say  17  +  32,  the  deflection  for  the  sub-chord  of  100  —  32,  or 
68  feet,  the  distance  to  the  next  station,  is  found  as  follows: 
The  deflection  for  a  full  station,  that  is,  100  feet,  is  5°  =  300', 

300' 
and  the  deflection  for  1  foot  =  -— -  =  3' ;  and  for  68  feet  the 

deflection  will  be  68  X  3  =  204'  =  3°  24',  which  is  turned  off 
from  zero,  and  a  stake  set  on  line,  68  feet  from  the  transit, 
at  station  18.  The  length  of  a  curve  uniting  two  given  tan- 
gents, whose  intersection  angle  is  determined,  is  found  as 
follows: 

Suppose  /=  32°  40',  and  that  the  tangents  are  to  be  united 
by  a  6°  curve ;  32°  40',  reduced  to  the  decimal  form,  is  32. 666° ; 
as  each  central  angle  of  6°  will  subtend  a  lOO-foot  chord,  or 
one  chain,  there  will  be  as  many  such  chords  or  chains  as  6 
is  contained  times  in  32.666,  which  is  5.444;  that  is,  llere 
will  be  5.444  chains  in  the  curve,  or  544.4  feet,  which  is  the 
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required  length  of  the  curve.  The  P.  C.  and  P.  T.  having 
been  set,  and  the  station  of  the  P.  C.  determined  by  actual 
measurement,  say  58  +  71,  the  station  of  the  P.  T.  is  found 
by  adding  to  58  +  71,  the  station  of  the  P.  C,  the  calculated 
length  of  the  curve,  544. 4  feet.  58  +  71  +  544. 4  =  64  +  15. 4, 
the  station  of  the  P.  T. 

Another  method  of  calculation  is  the  following:  The  sum 
of  all  the  deflection  angles  is  equal  to  one-half  the  intersec- 
tion angle.  The  intersection  angle  being  32°  40',  one-half 
equals  16°  20',  which,  reduced  to  minutes,  equals  980'.  The 
deflection  for  100  feet  is  |  =  3°  —  180',  and  the  deflection 

180' 
for  1  foot  is  ——-  =  1.8';   then,  980',  the   total  deflection, 

divided  by  1.8',  gives  544.4  feet,  the  required  length  of  the 
curve.  ' 

BXAMPLE8  FOR  PRACTICB. 

In  the  following  examples,  let  /=  angle  of  intersection,  7"=  tangent, 
and  L  —  length  of  curve. 

1.    /=  16"  18' ;  degree  of  curve  =  8" ;  required,  Tand  L. 

*  (  Z  =  540.55  ft. 

3.  /=  69*  20' ;  degree  of  curve  =  8*  80' ;  required,  Tand  L. 

A^      (   r=  384.32  ft. 
'  1  Z  =  698.04  ft. 

8.     /=  21**  35' ;  degree  of  curve  =  4"  15' ;  required,  T  and  L. 

.        j   r=  257.03  ft. 
\  L  =  507.84  ft. 

4.  The  degree  of  a  curve  is  5°  80' ;  what  is  the  deflection  angle  for 
a  chord  of  16.2  feet  ?  Ans.  26.7'. 

5.  The  degree  of  a  curve  is  7"  15' ;  what  is  the  deflection  angle  for 
a  chord  of  38.4  feet?  Ans,  r  28i'. 

1 206.  Obstructions  in  ttie  Line  of  Curve. — Fre- 
quently it  happens  that  the  entire  curve  can  not  be  run  in 
from  the  P.  C.  on  account  of  obstructions.  This  is  espe- 
cially the  case  in  either  hilly  or  wooded  country,  and  the 
transit  has  to  **  move  up  "  to  an  intermediate  point.  For  ex- 
ample, in  Fig.  235,  we  will  suppose  that  Station  H^  200  feet 
from  B^  is  the  last  point  which  can  be  set  from  the  P.  C.  at 
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B.  A  plug  is  driven  at  //,  flush  with  the  ground,  and  care- 
fully centered,  and  a  tack  driven  at  the  point.  The  deflec- 
tion angle  £  B  H  is  10°  to  the  right.  The  transit  is  set  up 
at  If,  an  angle  of  10°  to  the  left  is  laid  off  from  zero,  and 
the  vernier  is  clamped.  The  instrument's  then  sighted  to 
a  flag  at  B,  the  spindle  clamped,  and  a  close  sight  to  the  flag 
taken,  the  lower  tangent  screw  being  used  to  adjust  the 
sight.  The  vernier  clamp  is  then  loosened,  and  the  vernier 
set  at  zero.  The  line  of  sight  will  then  be  on  a  tangent  to 
the  curve  at  //,  and  the  deflection  angles  to  K  and  C  can  be 
laid  off  as  before,  and  the  stations  K  and  C  located. 

1207.     Tangrent     and     Ctiord     Deflections. —  Let 

A  B,  Fig.  236,  be  a  tangent,  and  B  C  E  If  3,  curve  com- 
mencing at  B,  Produce  the  tangent  A  B  to  the  point  D. 
The  line  C  D  is  a,  tangent  deflection,  and  is  the  perpen- 
dicular distance  from  the  tangent  to  the  curve.  If  the  chord 
B  C  h^  produced  to  the  point  ff,  making  CG  =  BC=CE, 
the  distance  G  E  is  2l  cliord  deflection,  and  is  double  the 
tangent  deflection  D  C. 


Fig.  286. 


1208.  Given,  the  radius  B  O  -  R,  Fig.  236;  to  find 
the  chord  deflection  E  G^  and  the  tangent  deflection 
C  D^FE, 
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The  triangles  O  C  E  and  C  E  G  are  similar,  since  both 
are  isosceles,  and  the  angle  G  C  E  =  angle  C  O  E.  Hence, 
we  have  O  C  :  C  E  ::  C  E  :  EG.  Denoting  the  chord  C  E 
by  c,  and  the  chord  deflection  E  Ghy  d^  we  have,  from  the 
above  proportion,  R  :  c  ::  c  :  d.     Therefore, 

d  =  ^.  (81.) 

To  find  the  tangent  deflection,  draw  CF to  the  middle  point 
of  E  6".  By  Art.  207,  FE  =  the  tangent  deflection  =  D  C. 
Hence,  tangent  deflection  =  one-half  the  chord  deflection, 
or,  denoting  the  tangent  deflection  by  /,  we  have 

/=4  (82-) 


EXAMPLES  FOR  PRACTICE. 

1.  The  degree  of  curve  is  5**,  the  chord  is  67  ft. ;  what  are  the 
tangent  and  the  chord  deflections  ?  ^        j  Tan  def.  =  1.959  ft. 

.  ■  (Chord  def.  =3.918  ft. 

2.  The  degree  of  curve  is  T  30',  the  chord  is  23.5  ft. ;  what  are  the 
tangent  and  the  chord  deflections  ?  j.       j  Tan  def.  =  0.359  ft. 

'(  Chord  def.  =0.718  ft. 

3.  The  degree  of  curve  is  6°  15' ;  the  chord  is  117  ft. ;  what  are  the 
tangent  and  the  chord  deflections  ?  a       j  Tan  def.  =  7.465  ft. 

*  (  Chord  def.  =  14.980  ft 


MAP  OF  FINAL  LOCATION. 

1209*  In  mapping  a  final  location,  the  measurements 
should  be  made  from  intersection  point  to  intersection  point, 
and  the  angles  platted  either  by  tangents  or  by  latitudes  and 
departures.  The  points  of  curve  are  then  located  by  scaling 
the  tangent  distances  from  the  intersection  points.  The 
curve  centers  are  best  determined  by  describing  intersecting 
arcs  from  the  tangent  points  as  centers,  with  radii  equal  to 
that  of  the  given  curve. 

1 210.  Let  it  be  required  to  plat  by  tangents  the  follow- 
ing location  notes  : 
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SUtion. 

Degree  of 
Curve. 

Intersection 
Angle. 

Tangent. 

Magnetic 
Bearing. 

25  +  50 
20  +  10 
14  +  55 

10+80 
0 

P.  T. 

P.  C.  5°  L. 

P.  T. 

P.  C.  6°  R. 

27^00' 
22°  30' 

275.20  ft. 
190.03  ft. 

N    l°0b'E 
N  28°  00'  E 
N    5°30'E 

The  tangent  distances  are  found  by  formula  80. 

The  first  curve  is  6°  R;  the  intersection  angle  /  is 
22°  30'.  The  radius  of  a  6°  curve  is  955. 37  feet.  See  Table  27. 
^7=  11°  15'.  Tan  11°  15'=  .19891.  955.37  X  .19891  ft.= 
190.03  ft.  =  7",  which  we  place  in  the  column  headed  tan- 
gent, opposite  the  intersection  angle  22°  30'.  The  second 
curve  is  5°  L;  the  intersection  angle  is  27°  00'.  The  radius 
of  a  5°  curve  is  1,146^28  feet,  i  /=  13°  30'.  Tan  13°  30'  = 
.24008.  1,146.28  ft.  X  .24008  =  275.2  ft.  =  T,  which  we 
place  in  tangent  column  opposite  the  intersection  angle 
27°  00'. 

121 1.  A  plat  of  these  notes  is  given  in  Fig.  237.  The 
order  of  work  is  the  following  :  First,  we  select  a  starting- 
point /I,  which  we  number  0,  and  through  this  point  we  draw 
a  meridian  A  B  with  its  north  point  at  the  top  of  the  plat. 

The  first  course  has  a  bearing  N  5°  30'  E.  From  Sta.  0, 
scale  off  on  the  meridian  600  feet,  the  length  of  our  radius 
for  platting  angles.  The  bearing  angle  is  5°  30',  and  its  tan- 
gent .09629,  which,  multiplied  by  600,  the  radius,  gives  57.77 
feet,  the  length  of  the  required  tangent.  Call  the  extremity 
of  the  radius  C,  At  C  erect  a  right  perpendicular  to  A  B^ 
and  on  it  lay  off  the  tangent  57.77  feet,  locating  the  point/?. 
Join  A  and  D.  The  angle  C  A  D  =  b""  30'.  The  P.  C.  of 
the  first  curve  is  at  Sta.  10  +  80.  The  tangent  distance,  as 
given  in  the  preceding  table,  is  190.03  feet.  Hence,  the  dis- 
tance from  the  starting-point  to  the  first  intersection  point 
is  the  sum  of  1,080  and  190.03  feet,  which  is  1,270.03  feet. 
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Produce  A  Z>,  making  a  total  distance  of  1,270.03  feet  to  the 
point  of  intersection  E.  To  this  add  600  feet  more  for  the 
radius  by  which  the  next  angle  is  platted.  Call  the  extremity 
of  this  radius  /^  The  intersection  angle  of  the  first  curve  is 
22°  30'.  Its  tangent  is  .41421,  which,  multiplied  by  600,  the 
given  radius,  gives  248.52  feet  as  the  required  tangent  for 
platting  the  angle.  At  F  erect  a  right  perpendicular  to  the 
radius  £  /%  and  scale  off  the  tangent  F  G  ^='  248.52  feet, 
locating  the  point  G,  Join  E  and  G,  The  angle  F  E  G  is 
22**  30',  and  the  bearing  of  the  tangent  £  6^  is  N  28"^  E. 
Next,  from  the  point  of  intersection  E^  scale  off  on  the  lines 
E  D  and  F,  G  the  tangent  distance  190.03  feet,  locating  the 
P.  C.  at  //,  Sta.  10  +  80,  and  the  P.  T.  at  K,  Sta.  14  +  55. 
NoWjfrom  //and  /fas  centers,  with  a  radius  of  955.37  feet  = 
radius  of  0°  curve,  describe  arcs  intersecting  at  the  point  Z. 
Then,  from  L  as  a  center,  with  the  same  radius,  describe  a 
curve  joining  the  points  H  and  K,  The  curve  H  K  will 
be  a  G°  curve,  and  will  be  tangent  to  the  lines  H  D  and  K  G 
at  the  points  of  curve  //^and  K.  The  next  intersection  point 
M\%  in  the  line  E  G  produced.  The  distance  between  these 
intersection  points  is  ma':^e  up  of  three  parts,  viz.,  the  tan- 
gent of  preceding  curve,  which  we  know  to  be  190.03  feet; 
the  intermediate  tangent,  that  is,  the  distance  from  the  P.  T. 
of  the  first  curve  to  the  P.  C.  of  the  second  curve,  and  the 
tangent,  of  the  next  curve  following.  The  P.  T.  of  the  first 
curve  is  at  Sta.^  14  +  55;  the  P.  C.  of  the  second  curve  is  at 
Sta.  20+10;  the  intermediate  tangent  is,  therefore,  the 
difference  between  14  +  55  and  20  -|-  10,  which  is  555  feet. 

The  tangent  of  the  second  curve  is  275.2  feet.  Hence, 
the  distance  from  the  intersection  point  E  of  the  first  curve 
to  the  intersection  point  M  of  the  second  curve  is  the  sum  of 
190.03,  555,  and  275.2  feet,  which  is  1,020.23  feet.  Produce 
E  G  so  as  to  contain  1,020.23  feet,  and  600  additional  feet 
for  a  radius,  the  extremity  of  which  call.  ^V.  The  intersec- 
tion angle  of  the  second  course  is  27°  00'  L ;  tan  27°  =  .50953. 
Radius  000  feet  X  .50953  =  305.72  feet,  the  length  of  the  re- 
quired tangent.  Accordingly,  at  N  we  erect  a  left  perpen- 
dicular to  the  radius  M  N^  and  on  that  perpendicular  scale 
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off  the  tangent  305.72  feet,  locating  the  point  O,  Join  M 
and  O,  The  angle  NM  O  is  27°  00',  equal  to  the  given  in- 
tersection angle,  and  the  bearing  of  the  tangent  -Aft?  is  N 
1"*  E.  From  M,  on  the  lines  M K  and  MO,  scale  off  the 
tangent  distance  275.20  feet,  locating  the  P.  C.  at  P,  Sta. 
20  + 10,  and  the  P.  T.  at  Q,  Sta.  25  +  50.  Then,  from  P 
and  Q  as  centers,  with  radii  of  1,146.28  feet,  the  radius  of  a  5° 
curve,  describe  arcs  intersecting  at  R.  From  ^  as  a  center, 
with  the  same  radius,  describe  the  curve  PQ^  which  is  a  5° 
curve,  and  is  tangent  to  the  lines  M K  and  J/0  at  P  and  Q. 
Write  the  bearings  of  each  tangent  in  its  proper  place,  being 
careful  that  the  bearings  shall  read  in  the  same  direction  in 
which  the  line  is  being  run. 


PLrATE    III. 

1212*  Plate  III  contains  two  maps  of  railroad  location, 
Figs.  1  and  2,  the  notes  for  which  are  given  in  Art.  1214. 
All  the  angles  are  laid  off  by  tangents,  and  the  notes  of  the 
alinement  are  given  in  detail,  all  of  which  the  student  must 
carefully  go  over  and  check. 

The  student  before  commencing  these  drawings  should  first 
note  that  the  magnetic  meridian  (by  means  of  which  the 
direction  of  the  first  tangent  of  each  line  is  determined)  is 
parallel  to  the  right  and  left  border  lines  of  the  plate.  He 
must  also  determine,  by  measurement  from  the  border  lines, 
the  location  of  the  starting-point  0  of  each  line.  Without 
these  precautions,  the  lines  are  liable  to  run  off  the  paper, 
necessitating  a  repetition  of  the  work,  and  involving  the 
erasure  of  lines,  which  always  soils  the  paper  and  mars  the 
appearance  of  the  drawing. 

The  student  will  make  the  drawing  to  a  scale  of  300  feet 
to  the  inch.  If  his  scale  reads  only  200  feet  to  the  inch,  the 
distances  given  to  a  scale  of  300  feet  to  the  inch  must  be 
reduced  to  their  equivalent  to  a  scale  of  200  feet  to  the  inch. 
The  process  of  reduction  is  simple,  and  may  be  readily  under- 
stood from  the  following:  A  line  which  measures  300  feet 
in  length  to  a  scale  of  300  feet  to  the  inch  will  measure 
but  200  feet  to  a  scale  of  200  feet  to  the  inch.     Hence,  in 
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changing  a  scale  from  300  feet  to  200  feet  to  the  inch,  the 
distances  and  dimensions  will  scale  but  f  of  the  original 
distances  and  dimensions. 

Example. — A  line  measures  968  feet  to  a  scale  of  800  feet  to  the  inch. 
What  will  it  measure  to  a  scale  of  200  feet  to  the  inch  ? 

Solution.—  f  of  963  =  643;  that  is,  to  a  scale  of  200  feet  to  the 
inch,  the  line  will  measure  642  feet.    Ans. 

1213.  The  order  of  platting  the  notes  is  as  follows: 
First,  draw  a  meridian  as  indicated  by  the  arrow.  Next, 
having  located  the  starting-point  A,  Fig.  1,  which  is  num- 
bered 0,  draw  through  that  station  a  parallel  meridian  A  B, 
We  find  from  the  notes  that  the  direction  of  the  back 
tangent  A  A'  (which  we  will  consider  a  part  of  a  line  of 
railroad  already  constructed)  is  due  north  and  south,  and 
that  Sta.  0  is  the  P.  C.  of  an  8°  R  curve  with  a  central  or 
intersection  angle  of  63°  10'.  The  tangent  distance,  we  find, 
by  the  formula  T=  R  tan  ^  /,  is  440.7  feet.  This  distance 
we  scale  off  on  the  meridian  above  the  point  A  to  di  scale  of 
800  feet  to  the  inch,  locating  the  point  C,  which  is  the  inter- 
section point  of  the  back  and  forward  tangents. 

Next,  from  C  on  the  same  meridian,  we  scale  off  the 
radius  CD  of  400  feet  for  laying  off  the  angle  of  the  first 
curve.  The  angle  of  this  curve  is  63°  10'.  The  tan  of 
63°  10'  is  1.97681.  The  radius  400  feet  X  1.97681  =  790.7 
feet,  the  length  of  the  required  tangent.  At  D  erect  a  right 
perpendicular  to  A  B^  as  the  curve  is  to  the  right,  and  upon 
this  perpendicular  scale  off  the  calculated  tangent  790.7 
feet,  locating  the  point  E,  A  line  joining  the  points  C  and 
E  will  give  the  direction  of  the  forward  tangejit.  On  the 
line  C  E^  scale  off  from  Cthe  tangent  distance,  440.7  feet, 
locating  the  point  F^  which  is  the  P.  T.  of  the  first  curve. 
From  A  and  F  as  centers,  with  radii  of  716.78  feet,  the 
radius  of  an  8°  curve,  describe  arcs  intersecting  at  G. 
Then,  from  (?  as  a  center,  with  the  same  radius,  describe  a 
curve  joining  the  points  A  and  F,  The  curve  AF  iszxi  8** 
curve,  and  is  tangent  to  the  lines  A  A'  and  FE  at  the  points 
A  and  F. 
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We  find  from  the  notes  that  the  next  curve  is  6°  R.  Its 
P.  C.  is  at  Sta.  13  +  16,  and  its  central  angle  is  44°  20'.  We 
find  its  tangent  distance  is  389.2  feet.  We  next  calculate 
the  distance  from  the  intersection  point  of  the  first  curve 
to  the  intersection  point  of  the  second  curve.  The  distance 
is  composed  of  three  parts,  viz.,  the  tangent  of  the  pre- 
ceding curve,  viz.,  440.7  feet;  the  intermediate  tangent, 
that  is,  from  the  P.  T.  of  the  preceding  curve  at  Sta.  7  + 
89.6  to  the  P.  C.  of  the  second,  or  6°,  curve,  at  Sta.  13  + 16, 
a  distance  of  526. 4 feet;  and  the  tangent  of  the  6°  curve, 
viz.,  389.2  feet;  making  a  total  distance  of  1,356.3  feet. 
Produce  the  line  C  E^  and  scale  off  from  C  on  that  line  a 
total  distance  of  1,356.3  feet,  locating  the  point  //,  which 
is  the  intersection  point  of  the  second,  or  6°,  curve.  Pro- 
duce C  H  AQO  feet  to  A' for  a  radius  in  laying  off  the  central 
angle,  44°  20'  R,  of  the  second  curve.  The  tangent  of 
44°  20'  is  .977,  which,  multiplied  by  400,  gives  390.8  feet. 
At  K  erect  a  right  perpendicular  to  H Ky  and  upon  it  scale 
off  the  tangent  390.8  feet,  Ipcating  the  point  L.  The  line 
joining  H  and  L  gives  the  direction  of  the  forward  tangent 
of  the  second  curve.  Next,  from  the  intersection  point  //, 
scale  off  on  both  back  and  forward  tangents  the  tangent  dis- 
tance 389.2  feet,  locating  the  P.  C.  of  the  second  curve  at  J/, 
Sta.  13+16,  and  its  P.  T.  at  N,  Sta.  20  +  54.9.  Next, 
from  M  dLVid.  N  z,s  centers,  with  a  radius  of  955.37  feet,  the 
radius  of  a  6°  curve,  describe  arcs  intersecting  at  O.  Then, 
from  (?  as  a  center,  with  the  same  radius,  describe  a  curve 
joining  the  points  -^and  N,  The  curve  MN  is  a  6°  curve, 
and  is  tangent  to  the  lines  FH  and  //"Z-  at  the  points  of 
curve  M  and  N. 

1214.  The  student  will  draw  the  tangent  distances  and 
the  radii  and  tangents  for  laying  off  angles  in  dotted  lines, 
as  they  are  simply  construction  lines.  The  line  of  survey 
he  will  draw  in  a  full,  bold  line,  as  shown  in  the  plate.  The 
intersection  points  and  the  points  of  curve  and  tangent  are 
marked  by  small  circles,  the  latter  being  more  fully  described 
by  their  station  numbers.     Dotted  radial  lines  are  drawn 
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NOTES   FOR  FIG.    1. 


Station. 

Deflection. 

Total 
Angle. 

Magnetic 
Course. 

Calculated 
Course. 

40 

12^00' 

6^00' 

18°  00' 

12^00' 

6^00' 

P.  C.  12°  L. 

89 

88  +  00 

36°  00 

37 

Of 

36 

i 

85  +  00 

34 

88  +  04.9 
83 

10°  40.3'  P.T. 
10^30' 
7°  00' 
8'  30' 
7    14.7' 
3"  44.7' 
0^  14.7' 
P.  C.  7°  R. 

85°  50' 

S  86°  30'  E 

S  86°  40'  E 

82 

81 

80 

14°  29.4' 

• 

29 

28 

27  +  98 

24 

21 

20  +  54.9 
20 

10°  38.8'  P.  T. 
9^00' 
6^00' 
8°  00' 
ir  31.2' 
8°  31.2' 
5"  31.2' 
2°  31.2' 
P.  C.  6°  R. 

44°  20' 

S  72°  30'  E 

S  72'  80'  E 

19 

18 

17 

28^  02.4' 

16 

15 

14 

18+  16 

12 

"^  *  • 

11 

10 

9 

8 

7  +  89.6 

7 

15°  35'  P.  T. 

12°  00' 

8°  00' 

r  00' 

16°  00' 

12=  00' 

8°  00' 

4°  00' 

P.  C.  8^  R. 

63°  10' 

N  63°  00  E 

N  63°  10'  E 

6 

5 

4 

82^  00' 

3 

2 

1 

0 

North 

North 
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NOTE8  FOR  FIG.   1 


Remarks. 


June  S8, 1894. 


Int.  Ang. 
12"  curve,  L.    R. 

T. 

P.  C. 

Length  curve 

P.  C.  C. 

Def.  100  ft. 

Def.  1  ft. 

Int.  Ang. 

7"  curve,  R.     R. 

T. 

P.  C. 

Length  curve 

P.  T. 

Def.  100  ft. 

Def.  1  ft. 


72'' 00' 
478.34  ft. 
347.5  ft. 
35  +  00 
600  ft. 
41  +  00 
6°  00' 
3.6' 
35"  50' 
819.02  ft. 

264.8  ft. 
27  +  93 

511.9  ft. 
33  +  04.9 
3°  30' 
2.1' 


Int.  Ang. 
6"  curve,  R.     R. 

T. 

P.  C. 

Length  of  curve 

P.T. 

Def.  100  ft. 

Def.  1  ft. 


44^20' 
955.37  ft. 
889.2  ft. 
13+16 
738.9  ft. 
20  +  54.9 
3"  00' 
1.8'     . 


From  intersection  to  intersection. 
Tan  preceding  curve  =  264.8  ft. 
Tan  between  curves  =  195.1  ft. 
Tan  12"  curve  =     347.6  ft. 


ToUl.  =     807.5  ft. 

tan  72"  00'  =  3.07768 
400  ft.  X  3.07768  =  1,231.1  ft. 

From  intersection  to  intersection. 
Tan  preceding  curve  =  389.2  ft. 
Tan  between  curves  =  738. 1  ft. 
Tan  7"  curve  =     264.8  ft. 


Total,  =1,892.1  ft. 

tan  35"  50' =  .72211 
400  ft.  X  .72211  =     288.8  ft. 


From  intersection  to  intersection. 
Tan  preceding  curve  =  440. 7  ft. 
Tan  between  curves  =     526.4  ft. 


Tan  6"  curve 


=     389.2  ft. 


Total,  =  1,356.3  ft. 

tan  44"  20'  =  .977 
400  ft.  X  .977  =     390.8  ft. 


Int.  Ang.  =  63"  10' 

Radius  1  =  400  ft. 

8"  curve,  R.     R.  =  716.78  ft. 

tan  63"  10' =  1.97681 

T.=  440.7  ft. 

400  ft.  X  1.97681  =  790*7  ft. 

P.  C.  =  0 

Length  of  curve  =  789.6  ft. 

P.  T.  =  7  +  89.6 

Def.  100  ft.  =  4°  00' 

Def.  1  ft.  =  2.4' 
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NOTES    FOR    FIG.    2. 


Station. 


13-1-41.7 

13 

12 

11 

10  +  00 

9 

8  +  00 

5 

3 

0 

Deflection. 

Total 
Angle. 

Magnetic 
Course. 

Calculated 
Course. 

10-^  15   P.  T. 
9   00' 

32"  30       S79   OOE     S  79'' 00' E 

6   00' 
8' 00' 
6   00' 
3^00' 
P.  C.  6^  R. 



i 

12"  00' 

1 

S  46^  30'  E 

NOTES  FOR  FIG.  1— Continued. 


Station. 

Deflection. 

Total 
Angle. 

Magnetic 
Coarse. 

Calculated 
Course. 

69  +  10.1 

61  +  65.1 

61 

15"*  40'  P.  T. 
12''  44.1' 
8"  14.1' 
3"  44.1' 

P.  C.  9"  R. 

End 
31°  20' 

of  Line. 
N  39°  45'  E 

N  39°  40'  E 

60 

69 

68  +  17 

66 

54 

• 

63 

52 

61 

• 

60  +  00 
49 

17"  80'  P.  T. 
14^00' 
10"  30' 

7"  00' 

8"  80' 
14^00' 
10°  80' 

7"  00' 

8"  80' 
18°  00'  P.  C.  C.  T  L. 

63°  00' 

N  8°  15'  E 

N  8°  20'  E 

48 

47 

46 

46 

28°  00' 

44 

48 

42 

41+00 

72°  00' 

N  71°  15'  E 

N  71°  20'  E 
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NOTES  FOR  FIG.  2. 


Remarks. 


June  88, 1894. 


Int.  Ang.  =  32''  80' 

955.87  ft. 
278.5  ft. 
8  +  00 
541.7  ft 
13-1-41.7 
S^'OO' 
1.8' 


6*'  curve.  L.     R. 

T. 

P.  C. 

Length  curve 

P.  T. 

Def.  100  ft. 

Def.  1  ft. 


Radius  1  =     400.0  ft. 
Prom  SU.  0  to  P.  C.  =     800.0  ft. 


Tan  Q"  curve 


=     278.5  ft. 


Total  from  P.C. to  P.I.  =  1,078.5  ft. 
tan  82"  80' =  .63707 
400  ft.  X  .63707  =    254.8  ft. 


NOTE8  FOR  FIG.    1— Continued, 


Remarks. 


Jane  S8, 1894. 


Int.  Ang. 
9"  curve,  R.     R. 

T. 

P.  C. 

Length  curve 

P.  T. 

Def.  100  ft. 

Def.  1  ft 


31**  20' 
637.27  ft 
178.7  ft 
58  +  17 
348.1ft 
61  +  65.1 
4'' 30' 
2.7' 


Int  Ang.  =  68"  00* 

819.02  ft 
501.9  ft 
41  +  00 
900  ft 
50  +  00 


7*  curve,  L.     R 

T. 

P.  C.  C. 

Length  curve 

P.  T. 


From  intersection  to  intersection. 
Tan  preceding  curve  =  501.9  ft 
Tan  between  curves  =    817.0  ft. 


Tan  9°  curve 


=     178.7  ft 


Total,  =  1,497.6  ft 

tan  31"  20'  =.60881 
400  ft  X  .60881  =    243.5  ft 


From  intersection  to  intersection. 
Tan  preceding  curve  =  347.6  ft. 
Tan  between  curves  =  0.0  ft 
Tan  7"  curve  =     501.9  ft 


Total, 


=    849.5  ft 
Un  63' =  1.96261 
400  ft.  X  1.96261  =     785     ft 
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NOTES  FOR  FIG.  Z— Continued. 


Station. 

Deflection. 

Total 
Angle. 

Magnetic 
Course. 

Calculated 
Coarse. 

57  +  40 

47  +  19 

47 

%"  46.3'  P.  T. 
8M5' 
5^30' 
2' 45' 
8"  13.7' 
5°  28.7' 

End,  of  Line. 
34   00'      N  \V  15'  E 

N  ir  20'  E 

46 

45 

44  +  00 

16'  27.4 

4 

43 

42 

2   43.7' 

41  +  00.8 
41 

U^Ol.rP.C.C.  5"'30'L. 
14^  00 
10'  30 

7^00' 

3"  30' 
ir  58.2* 

8°  28.2' 

4'^  58.2' 

l**  28.2' 
P.  C.  7''  L. 

52^00' 

N  45"  15'  E 

N  45"  20'  E 

40 

. 

39 

38 

87  +  00 

23"  56.4' 

36 

35 

34 

83  +  58 

82 

80  +  36.6 
30 

13"  27.8'  P.  T. 
12'^  00 
8'  00' 
4°  00' 
10'  37.2' 
6°  37.2' 
r  37.2' 
P.  C.  8°  L. 

48"  10' 

S  82"  30'  E 

S  82"  40'  E 

29 

28 

27  +  00 

21"  14.4' 

26 

25 

24  +  34.5 

24 

23 

22  +  14.4 
22 

9^*  39'  P.  T 
9^00* 
4°  30' 
12"  36' 
8"  06' 
3"  36' 

P.  C.  9"  L. 

44^  30' 

S  34"  20'  E 

S  84"  30'  E 

21 

20  +  00 

25"  12' 

19 

18 

, 

17  +  20 

• 

17 

15 

• 
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NOTES  FOR  FIG.  Z— Continued. 


Remarks. 


June  28, 1894. 


Int.  Ang. 

5°  80',  L.     R. 

T. 

P.  C.  C. 

Length  curve 

P.T. 

Def.  100  ft. 

Def .  1  ft. 


34*' 00' 
1,042.14  ft 
818.6  ft. 
41  -h  00.8 
618.2  ft. 
47  + 19^ 
2°  45' 
1.65' 


Int.  Ang.  =  52^  00' 


7*  curve,  L.     R. 

T. 

P.  C. 

Length  curve 

P.  C.  C. 

Def.  100  ft. 

Def.  1  ft. 


Int.  Ang. 
8*  curve,  L.     R. 

T. 

P.  C. 

Length  curve 

P.  T. 

Def.  100  ft. 

Def.  1  ft. 


Int.  Ang. 
9**  curve   R.     R. 

T. 

P.  C. 

Length  curve 

P.  T. 

Def.  100  ft. 

.  Def.  1  ft. 


819.02  ft 
399.5  ft 
33+58 
742.8  ft 
41  +  00.8 
3"  30 
2.1' 


48"  10' 
716.78  ft 
820.4  ft. 
24  +  34.5 
602.1  ft 
30  +  86.6 
4'^00' 
2.4' 


44^30' 
637.27  ft. 
260.7  ft 
17+20 
494.4  ft 
22  +  14.4 
4^30' 
2.7' 


From  intersection  to  intersection. 
Tan  preceding  curve  =  399.5  ft. 
Tan  between  curves  =     0.0  ft 
Tan  5**  30'  curve  =  318.6  ft 


Total, 


=  718. 1  ft 
tan  34°  00'  =  .67451 
400  ft.  X  .67451  =  269.8  ft 


Prom  intersection  to  intersection. 
Tan  preceding  curve  =  320.4  ft. 
Tan  between  curves  =  321.4  ft 
Tan  7"  curve  =     899.5  ft 


Total.  =  1,041.3  ft 

tan  52°  00'  =  1.27994 
400  ft.  X  1.27994  =     512  ft 


From  intersection  to  intersection. 
Tan  preceding  curve  =  260.7  ft. 
Tan  between  curves  =  220.1  ft. 
Tan  8'  curve  =  320.4  ft 


Total,  =801.2  ft. 

tan  48'  10' =  1.11713 
400  ft  X  1.11713  =  446.8  ft 


From  intersection  to  intersection 
Tan  preceding  curve  =  278.5  ft. 
Tan  between  curves  =  378.3  ft. 
Tan  9"  curve  =260.7  ft 


Total,  =917.5  ft 

tan  44°  30' =  .98270 
400ft  X. 98270  =  393.1  ft 
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from  the  center  of  each  curve  to  its  P.  C.  and  P.  T.  On 
one  of  these  radial  lines,  the  length  of  the  radius  of  the 
curve  is  written,  and  the  amount  of  the  central  angle  is 
written  within  the  radial  lines.  The  student  will  need  no 
further  directions  to  enable  him  to  plat  the  balance  of  the 
line  and  also  the  notes  for  Fig.  2,  a  plat  of  which  is  given 
on  this  plate.  

PRACTICAL  METHOD  OF  LAYING    OUT    SHARP 

CURVES  IN  A  MINE. 

1215*  Curves  are  frequently  so  sharp  in  a  mine  that  it 
is  more  convenient  to  speak  of  them  as  curves  of  so  many 
feet  radius,  instead  of  as  curves  of  so  many  degrees.  Thus, 
a  curve  of  100-foot  radius  means  one  that  can  be  described 
with  a  radius  of  100  feet.  Curves  with  radii  as  small  as  25 
feet  are  sometimes  used  in  mining  work. 

Quite  unlike  surface  work,  it  is  necessary  to  drive  a  curved 
entry  in  a  mine  before  the  curve  is  accurately  located. 
This  is  no  easy  task,  because  the  engineer  can  not  be  pres- 
ent to  direct  the  workmen  as  is  necessary,  perhaps,  several 
times  a  shift,  to  get  the  work  properly  done ;  and  since  the 
course  is  continually  changing,  sights  can  not  be  put  up,  as 
is  done  for  the  men  who  are  driving  straight  headings. 
These  sights  consist  of  two  strings  suspended,  a  few  yards 
apart,  from  the  roof  near  the  face  of  the  workings,  and  in 
direct  line  with  the  desired  course  of  the  heading.  When 
the  workmen  want  to  know  how  their  place  is  going,  one  of 
them  goes  back  to  the  sights  and  directs  the  other  workman 
to  hold  his  light  in  line  with  the  strings.  This  fixes  a  point 
at  the  working  face  in  the  proper  course,  enabling  the  men 
to  see  whether  they  are  too  much  to  the  right  or  left. 

1216.  Suppose  it  is  required  to  connect  two  intersect- 
ing headings  with  a  curve  of  60-foot  radius,  around  which 
the  cars  are  to  be  drawn  with  a  rope,  and  along  which 
sheave  wheels  must  be  accurately  set  to  guide  the  rope. 
The  first  thing  to  be  done  is  to  drive  the  curved  heading, 
which  work  must  be  directed  in  a  practical  manner  by  the 
mine  boss. 
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Let  A  and  B,  Fig.  238,  be  the  two  headings  intersecting 
at  right  angles.  The 'tangent  distance  7"=^  tan  |^/=  60 
tan  45°  =  60  feet.  A  distance  of  60  feet  is  measured  from 
c,  fixing  the  point  d  in  the  line  of  the  heading  B.  The  point 
e  is  also  fixed  in  the  same  line  beyond  d  at  such  a  distance  as 
will  suit  the  arrangement  (Fig.  339)  for  determining  points 
on  the  curve.  In  this  case,  the  distance  e  d\s,  made  to  equal 
10  feet.     This  completes  the  engineer's  work  until  the  head- 


i.««r 


Pic.  aa.  Fig.  SSB. 

ing  H  is  driven,  when  he  comes  back  and  definitely  locates 
the  final  curve  and  position  of  the  sheave  wheels. 

The  mine  boss  now  takes  charge,  and  directs  the  men  to 
work  in  the  proper  direction  by  means  of  the  arrangement 
shown  in  Fig.  239,  which  is  provided  for  him  by  the  engi- 
neer in  charge.  It  consists  of  three  inflexible  strings,  or, 
better  still,  fine  wires,  connected  to  a  small  ring  g.  One  of 
these  strings  fg  is  provided  with  a  small  loop  at  its  end  /, 
while  the  other  two  strings  are  neatly  attached  to  a  piece 
of  wood  kk.  The  construction  can  be  readily  understood 
by  examining  the  figure.  The  length  of  each  string  fg, 
gk,  and  gk  is  equal  to  10  feet.  This  length  is  chosen  be- 
cause it  is  necessary  to  find  points  on  the  curve  at  least  10 
feet  apart.     The  length  of  the  stick  kh  corresponds  to  a 
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chord  deflection  of  a  chord  10  feet  long  on  a  curve  of  60 
feet  radius,  and  is  found  by  substituting  the  known  values 
in  formula  81.    Thus, 

The  mine  boss  locates  iK)ints  on  the  curve  near  the  working 
face  in  the  following  manner:  He  first  places  the  string/^ 
on  the  line  of  the  heading  B  so  that  /"and  ^  will  fall  upon 
the  points/  and  //,  respectively — both  distances  ed  and  /g" 
being  each  equal  to  10  feet — ^and  fixes  the  string  in  this 
position  by  means  of  tacks  or  pins  put  through  the  loop  and 
small  ring  at  the  ends  of  the  string  /^;  then  he  takes  hold 
of  the  stick  k/i  and  pulls  until  both  strings  attached  to  it 
are  tight  and  the  center  of  the  stick  //  k  is  in  the  same  line 
with  the  string  /g".  The  end  k  of  the  string  ^k  will  then 
lie  upon  the  point  ;//  of  the  curve  of  the  heading  H,  To 
find  another  point  on  the  curve,  fix  the  string  /^  on  the 
points  f/  and  ;;/,  as  was  done  in  the  previous  case  on  the 
points  r  and  r/,  then  tighten  up  the  other  two  strings  and 
bring  /^/i  in  line  with  /jif\  the  point  i'  will  again  fall  upon 
the  curve  at  the  point  ;/.  In  a  manner  similar  to  the  last 
step,  successive  points  10  feet  apart  may  be  found  near  the 
face  as  the  work  progresses,  thereby  enabling  the  men  to 
drive  the  heading  on  the  proper  curvature. 

It  will  be  understood  that  only  two  successive  points  near 
the  working  face  need  be  preserved,  which  points  are  made 
upon  ties  firmly  bedded  in  slack  or  dirt,  and  over  which  no 
mules  should  be  allowed  to  pass.  By  exercising  a  little  care, 
the  heading  //  may  be  driven  so  nearly  on  the  proper 
curvature  with  this  method  that  little  or  no  dressing  up  will 
be  required  when  the  transit  is  brought  in  to  locate  the 
track  and  sheave  wheels. 


HOW    TO    CARRY    A    SURVEY    INTO    A    MINE. 

1217.     The  first  thing  to  be  done  after  a  careful  survey 

has  been  made  of  the  surface  is  to  connect  the  outside  and 

the  inside  work  through  the  shafts  and  slopes.     It  frequently 

happens  that  correct  surveys  of  the  underground  workings 
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and  of  the  surface  are  made  independently,  and  the  two 
finally  connected.  It  is  immaterial  how  we  proceed.  We 
will  assume,  however,  that  only  a  surface  survey  exists, 
which  we  will  first  connect  to  the  inside  work,  and  then 
proceed  with  the  inside  survey. 

1218.  In  order  to  connect  the  outside  and  the  inside 
survey,  it  is  necessary  to  determine  accurately  the  magnetic 
bearing  of  a  line  underground,  and  for  this  purpose  the  fol- 
lowing methods  have  been  employed : 

1.  By  means  of  an  adit-level  or  a  slope. 

2.  By  means  of  two  shafts. 

3.  By  means  of  one  shaft  and  two  suspended  plumb-lines. 

4.  By  means  of  the  transit. 

5.  By  means  of  one  shaft  and  four  suspended  plumb-lines. 
These  methods  will  now  be  described  in  detail. 

1219.  By  Means  of  an  Adlt-Lrevel  or  a  Slope. — 

When  the  mine  is  connected  with  the  surface  by  means  of  an 
adit-level  or  slope,  the  surface  survey  is  continued  into  the 
workings  through  this  opening.  In  the  case  of  an  adit- 
level  or  slope  of  less  than  45°,  there  is  no  difficulty,  beyond 
the  want  of  absolute  rigidity,  in  setting  up  the  transit,  and 
the  danger  of  moving  it  in  walking  about  it.  *The  difficulty 
increases  more  rapidly  than  does  the  pitch.  When  the  slope 
reaches  60°,  there  is  an  impracticability  in  running  a  line 
down  a  slope,  as  the  line  of  coUimation  of  the  telescope 
strikes  the  graduated  limb  of  the  instruihent.  In  cases  of 
this  kind,  the  ordinary  form  of  transit  becomes  useless,  and 
a  special  form  must  be  procured,  provided  with  a  prismatic 
eyepiece  (see  Fig.  243),  which  allows  us  to  take  sights 
upwards.  In  this  case,  the  transit  is  set  up  at  the  foot  of 
the  slope  where  the  longest  sight  up  the  same  can  be 
secured,  and  a  backsight  is  taken  upon  a  station  of  the 
underground  work  set  up  for  the  occasion.  Let  A  be  the 
station  at  the  foot  of  the  slope  where  the  transit  is  first  set 
up.  Locate  B  where  the  transit  can  be  readily  set  up,  and, 
as  far  up  the  slope  as  we  can  see   (this  distance  must  be  at 
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least  100  feet),  and  in  a  continuation  of  A  B,  locate  C.  Set 
up  at  B  and  tak.e  foresight  to  C;  locate  D  under  the  same 
conditions  that  governed  the  placing  of  B,  and,  in  a  contin- 
uation of  the  line  B  /?,  place  £.  Set  up  at  Z>  with  foresight 
at  £^  and  locate  F  and  G  as  before.  The  survey  is  carried, 
by  the  intermediates  /?,  D^  F^  etc.,  to  the  top,  by  a  series  of 
foresights  to  C,  /f,  G^  etc. 

1220.  Py  Means  of  Two  Shafts. — When  a  slope 
reaches  an  angle  of  90°,  it  is  called  **a  shaft"  in  American 
practice,  though  the  latter  word  is  applied  in  foreign  work 
to  openings  nearly  vertical.  In  the  case  of  two  shafts, 
easily  accessible  underground  one  from  the  other,  the  sur- 


station. 

Distance. 

A     1 

17.6 

1     2 

42.4 

2—3 

130.0 

8—4 

167.5 

4-5 

93.0 

5    6 

82.8 

6—7 

37.4 

7—8 

63.2 

8—9 

61.2 

9     /? 

11.8 

Azimuth 

Referred  to 

A-—\  as  a 

Meridian. 


0^00' 

357'  38' 

102^  80' 

100^  26' 

lOr  18' 

79\51' 

84^44' 

89°  10' 

3°  03' 

318'  14' 


Bearing: 
Referred  to 

Latitude. 

Depai 

A—\  as  a 

Meridian. 

North. 

South. 

East.. 

Due  North 

17.60 

N    2'2rW 

42.86 

S  77**  30'  E 

28.14 

126.92 

S  79'  34'  E 

80.83 

164.78 

S  78'  42*  E 

18.22 

91.20 

N  79^  51'  E 

14.59 

81.50 

N  84'  44'  E 

8.48 

37.24 

N  89'  10'  E 

.92 

63.19 

N    8'  08'  E 

61.11 

8.26 

N  41'  46'  W 

8.80 

West. 


1.81 


7.86 


148.81    76.69  568.04 
76.69  9.67 


9.67 


72.12 


558.87 


face  and  the  underground  survey  are  connected  by  means 
of  two  plumb-lines,  one  suspended  in  each  shaft.  From  any 
well-defined  and  convenient  stations  in  the  surface  survey, 
lines  are  run  to  the  points  of  suspension  of  the  wires  in  the 
two  shafts.  The  angles  made  by  these  lines  with  the  pre- 
ceding courses  in  the  surface  survey  are  taken  with  the 
transit,  and  the  horizontal  distances  most  carefully  meas- 
ured.    In  this  way,  the   length  and   bearing  of  the  line 
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joining  the  two  points  of  suspension  can  be  calculated  by 
latitudes  and  departures.  A  survey  is  now  made  under- 
ground, joining  the  two  plumb-lines,  and,  from  the  data  thus 
obtained,  the  length  and  bearing  of  the  line  joining  the  two 
plumb-lines  can  be  calculated  in  the  same  way  as  the  above. 

Take  as  an  example :  In  two  shafts  two  plumb-lines  are 
suspended  from  points  A  and  B.  We  will  suppose  it  has 
been  determined  from  the  surface  survey  that  the  length  of 
the  line  A  B^  joining  the  two  points  of  suspension,  A  and  -fi, 
is  563  feet,  and  its  azimuth  with  the  magnetic  meridian, 
118^  36'. 

An  underground  survey  joining  the  plumb-lines  is  now 
made,  from  which  the  accompanying  notes  are  obtained. 

Station  B  is,  therefore,  72.12  feet  north,  and  558.37  feet 
east  of  Station  A, 

The  direction  and  distance  from  A  to  B  can  be  calculated. 

N 


Pig.  240. 


and  the  above  notes  platted  to  any  convenient  scale,  as 
shown  in  Fig.  240. 

In  the  right-angled  triangle  A  C B^  A  B  is  the  hypotenuse, 
and  is  calculated  thus : 


AB  =  1/72.12''  + 558.37'  =  i/316,978.35  =  563  feet. 

The  bearing  of  the  line  A  B^  referred  to  A — 1  as  a  merid- 
ian, is  found  thus: 

t^n  CAB  =  ?J^  =  7.7422  =  tan  82°  38'. 

72.12 
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Therefore,  the  bearing  from  A  to  ^  is  N  82°  38'  E,  and 
the  distance  is  563  feet.  This  is  the  bearing  when  referred 
to  A — 1  as  a  meridian  in  the  underground  survey. 

The  azimuth  of  the  course  joining  the  points  of  suspension 
on  the  surface  is  118°  36',  or  its  bearing  is  S  01°  24'  E  when 
referred  to  the  magnetic  meridian.  It  is  evident  that  the 
line  A  B  in  the  underground  survey  joining  the  plumb- 
lines  must  have  this  same  magnetic  bearing,  S  6l°  24'  E, 
because  both  A  and  B  are  vertically  under  the  points  of 
suspension. 

It  is  desired  to  find  the  true  magnetic  bearing  of  the  first 
course,  A — 1,  in  the  underground  survey,  which  was  before 
assumed  to  be  the  meridian,  or  north  and  south,  line. 

By  consulting  Fig.  241,  it  will  be  plainly  seen  that  the 

magnetic  bearing  of  A — 1  is  N  35°  58' 
E,  since  the  azimuth  of  A  B  referred 
to  the  magnetic  meridian  is  118°  36', 
while  its  azimuth,  when  referred  to 
the  assumed  meridian,  or  course  A — 1, 
is  only  82°  38'.  Having  new  ob- 
tained the  true  magnetic  bearing  of 
the  first  course  of  the  undei-ground 
survey,  no  difficulty  will  be  encounter- 
ed in  calculating  the  magnetic  bear- 
ings of  all  the  other  courses  from  the 
azimuths  which  these  courses  make 
with  the  first  course  of  the  under- 
ground survey  taken  as  a  meridian. 


1221.  By  Means  of  One  Shaft  and  Two  Suspend- 
ed Plumb-Llnes. — Two  wires  are  used,  which  are  located 
as  far  apart  as  possible.  Two  pieces  of  scantling  cd  and 
c /y  Fig.  242,  are  so  spiked  across  the  opposite  corners  of 
two  compartments  of  a  shaft  as  to  allow  the  cages  to  pass 
up  and  down  without  interference.  The  station  A^is  (rough- 
ly) located  in  a  line  through  the  corners  x,  x  and  is  connect- 
ed with  the  outside  survey.  From  this  station,  locate  in 
the  line  Xxx  two  spads  for  holding  the  wires  of  the  plumb- 
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bobs.  These  are  driven  up  to  the  head  in  the  scantlings  in 
such  a  way  that  the  line  of  sight  passes  through  the  center 
of  the  holes  in  their  heads.  Measure  the  distances  X  a  and 
a  b.  This  completes  the  work  of  the  survey  above  ground. 
The  light  copper  wire  is  rolled  upon  a  reel,  and  one  end  is 
fastened  to  a  light  plumb-bob  to  keep  it  free  from  coils  or 
kinks  in  descending.  It  can  thus  be  readily  lowered  with- 
out accident.  When  at  the  bottom,  the  upper  end  is  fast- 
ened in  the  spad,  and  the  heavy  **bob"  is  applied  to  the 
lower  end  and  placed  in  the  empty  barrel.  The  cages  are 
then  run  slowly  up  and  down,  with  an  observer  on  each,  to 


PlO.  348. 

see  that  the  wires  hang  free  from  top  to  bottom.  By  this 
time  the  wire  will  have  stretched  so  that  it  will  be  straight, 
and  if  there  is  any  slack  it  is  taken  up.  The  barrel  is  filled 
with  water,  and  the  top  boards  put  upon  it.  As  a  last 
check,  measure  the  disitance  between  the  wires  below,  and 
see  if  it  agrees  with  the  distance  above. 

Lining  in  below  a  point  y  on  the  line  a  b^  we  make  a  hole 
in  the  roof  two  inches  in  diameter,  and  drive  in  a  broad 
plug.  Setting  up  the  transit  under  y^  we  sight  at  the  wires 
a  and  b  alternately.  A  number  of  methods  for  illumina- 
ting the  wires  have  been  used,  several  of  which  are  given  in 
text-books.  The  writer  has  always  found  those  depending 
upon  a  sight  of  the  wire  across  the  flame  of  a  lamp  the 
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hardest  to  obtain,  and  concludes  from  experience  that  the 
method  of  illuminating  the  wires  for  mine  surveying  is  the 
best  for  this  also.  A  large  white  target  is  placed  behind 
both  wires  and  illuminated  by  a  large  lamp  with  a  reflector 
behind  it.  The  wire  stands  out  black  against  it,  and  can  be 
followed  across  the  target.  As  there  is  considerable  dis- 
tance between  the  wires,  and  as  the  transit  is  comparative- 
ly near  them,  there  will  be  small  chance  of  getting  a  sight 
of  one  when  the  telescope  is  focused  upon  the  other,  and  so 
the  focus  has  to  be  set  between  them.  This  gives  a  hazy 
sight  at  each,  but  both  are  shown  against  the  white  back- 
ground in  strong  relief. 

After  the  transit  head  is  shifted  so  that  the  line  of  sight 
coincides  approximately  with  both,  focus  upon  them  alter- 
nately, and  see  if  the  line  bisects  the  swing  of  each.  If  so, 
the  work  is  finished ;  if  not,  the  shifting  of  the  transit  head 
must  follow  until  the  end  is  attained.  It  frequently  re- 
quires two  or  more  hours  of  steady  observation  to  com- 
plete the  work,  for  when  it  seems  as  if  the  proper  point  is 
secured,  one  of  the  wires  will  show  by  its  swaying  that  it 
has  been  deflected  from  the  vertical  by  a  peculiar  slant  of 
wind,  and  the  result  obtained  must  be  checked  again. 
When  you  are  through,  there  is  no  absolute  certainty  that 
the  point  you  have  marked  is  in  the  accurate  extension  of 
the  line  a  b  2it  the  surface.  Having  decided  upon  the  proper 
place,  drive  a  spad  into  the  plug  overhead,  hang  a  plumb- 
bob  to  it,  and  see  if  it  be  over  the  axis  of  the  transit  as 
shown  by  the  screw  on  the  telescope.  If  not,  drive  the  spad 
so  that  the  point  of  the  bob  does  so  hang,  and  the  station  y 
is  said  to  be  in  the  line  a  b.  Measure  ya  and  the  angles  to 
any  station  of  the  underground  survey ;  the  line  a  b  \^  con- 
nected with  the  surveys  at  daylight  and  below,  and  the 
plumb-bobs  may  be  removed. 

Thin  wires  of  iron  or  copper  are  used  to  suspend  the 
plummets.  They  do  not  contract  when  wet,  they  present 
less  surface  to  the  action  of  air-currents,  and  can  be  more 
precisely  read  with  the  transit  than  larger  cords,  such  as 
hemp. 
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The  plummets  should  weigh  from  five  to  eight  pounds. 
They  should  not  be  attached  to  the  wires  at  the  surface,  to 
avoid  any  accident  which  might  result  from  the  wires  break- 
ing. The  wires  can  be  lowered  by  using  smaller  weights, 
and  the  plummets  attached  afterwards.  The  wires  should 
hang  perfectly  free,  and  in  no  case  should  they  come  in  con- 
tact with  the  sides  of  the  shaft.  In  order  to  avoid  the  vibra- 
tion of  the  wires,  the  plummets  are  hung  in  buckets  of  water, 
oil,  or  molasses. 


1222.  By  Means  of  a  Transit. — This  method  is 
adapted  only  to  cases  where  the  shaft  is  not  deep,  is  of 
an  average  width,  and  is  not  subject  to  any  considerable 
dropping  of  water.  The  instrument  is  set 
up  at  the  bottom  of  the  shaft,  and  is  care- 
fully leveled.  In  order  that  its  telescope 
may  be  pointed  vertically  upwards,  a 
diagonal  eyepiece  must  be  employed, 
which  consists  of  a  small  right-angled 
glass  prism  placed  at  the  eye-end  of  the 
telescope,  in  which  the  line  of  sight  is  reflected  from  the 
plane  of  the  hypotenuse.     See  Fig.  243. 

The  instrument  must  be  in  perfect  adjustment.     After  it 
has  been  set  up  at  the  center  of  the  shaft,  the  telescope  is 

uj^h  directed  to  Station  B  (see  Fig. 


Fig.  248. 


Zi^mmm^^  T"]^"^-  244),   a   station   in   the   under- 
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ground  survey.  The  telescope 
is  then  revolved  in  a  vertical 
plane  in  the  direction  of  the 
point  a  at  the  mouth  of  the 
shaft,  where  a  small  lamp  flame 
or  a  white  peg  is  brought  exactly 
in  the  line  of  sight.  A  perma- 
nent mark  is  then  placed  at  a. 
The  telescope  is  then  directed  to 
a  point  b  on  the  other  side  of  the 
Fig.  244.  mouth  of  the  shaft,  in  the  same 

manner  as  before,  and  a   permanent  mark  placed  there. 
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This  gives  two  points  on  the  surface  in  the  same  vertical 
plane  as  the  line  A  B  underground. 

It  is  evident  now  that  the  line  on  the  surface  passing 
through  the  points  a  and  /;,  namely,  the  line  A'  C^  will  have 
the  same  direction  as  the  line  A  B  underground. 

The  horizontal  distance  from  A  to  B  is  carefully  measured, 
and  exactly  the  same  distance  is  laid  off  on  the  surface  from 
A  to  C.     The  point  Cwill  be  vertically  above  B, 

The  bearing  of  A'  C  can  be  correctly  determined,  which 
is  also  the  bearing  of  the  underground  line  A  B. 

1223.  By  Means  of  One  Shaft  and  Four  Plumbs 
Lines. — Fig.  245  shows  the  top  set  of  timbers  in  a  shaft  of 
two  hoisting  compartments,  down  which  it  is  desired  to 

NOBTV  
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Fig.  245. 

carry  a  known  course  or  meridian  on  the  surface  to  the  entry 
below.  The  first  thing  to  be  done  is  to  find  out  which  side 
of  the  shaft  is  best  adapted  for  setting  up  the  transit,  as  the 
point  to  be  marked  in  the  mines  will  be  vertically  under  the 
point  on  the  surface;  consequently,  the  side  with  the  widest 
opening  leading  from  the  foot  of  the  shaft  should  be  selected. 
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Having  carried  the  meridian  to  a  convenient  point  near 
the  top  of  the  shaft,  and  having  found  that  the  south  side  of 
the  shaft  is  the  most  accessible,  determine,  with  an  ordinary 
string,  the  location  of  the  point  A,  from  which  the  hangers 
for  the  plumb-lines  will  be  exactly  located  by  means  of  the 
transit.  Now,  mark  with  chalk  on  the  timbers  where  the 
strings  cross.  These  marks,  though  not  accurate,  serve  as 
guides  ill  setting  the  hangers.  Make  a  permanent  station 
at  the  point  A,  and  carry  the  meridian  to  it. 

The  hangers  can  be  made  of  strap  iron,  ^  inch  thick  by 
2  inches  wide,  and  at  least  10  inches  long.  In  one  end  of  the 
iron,  have  a  jaw  with  a  fine  cut  at  the  apex,  or  a  drill-hole 
just  large  enough  to  con- 
tain the  wire  to   be  used 


for    plumbing.      There 
should    be    two   or   three  ^'o-  34fl. 

countersunk  holes  in  the  hanger,  through  which  to  fasten  it 
to  the  timbers  by  means  of  sheet-iron  nails.  A  top  view  of 
the  hanger  is  shown  in  Fig.  246. 

In  most  shafts,  there  is  a  space  of  from  2  to  4  inches 
wide  between  the  ends  of  the  cage  and  the  sides  of  the 
timbers;  and  in  order  to  hoist  and  lower  the  cage  to  see 
that  the  wires  are  hanging  freely,  it  is  best  to  set  the  hang- 
ers in  such  a  position  on  the  timbers  that  the  wires  will 
hang  in  the  middle  of  the  space. 

Fasten  the  hangers  permanently  over  the  chalk-marks 
previously  made  on  the  north  side  of  the  shaft,  with  the 
jaws  pointing  towards  A,  and  on  the  south  side  of  the  shaft 
the  outer  end  of  the  hanger  may  be  fastened  temporarily. 

Now  set  the  transit  over  the  station  at  A,  take  the  back- 
sight, foresight  on  the  wire-hole  of  the  hanger  C\  and  set 
the  wire-hole  of  the  hanger  B  on  the  same  line.  Record 
this  course,  and  foresight  on  the  wire-hole  of  the  hanger  £, 
fixing  as  before  the  wire-hole  of  the  hanger  I)  in  the  same 
line.  Record  this  course,  and  then  the  meridian  to  be  car- 
ried into  the  workings  below  is  established.  Measure  care- 
fully and  record  the  distances  A  to  B,  A  to  C,  and  B  to  C\ 
the  distances  A  to  D,  A  to  £,  and  D  to  By  and,  finally,  the 
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distances^  to  D  and  C  to  £;  the  necessity  of  taking  all 
these  measurements  is  for  the  purpose  of  establishing  a 
point  at  the  bottom  of  the  shaft  vertically  below  A^  and 
checking  the  work  in  the  office. 

The  transit  party  can  now  descend  to  the  bottom  of  the 
shaft,  taking  with  them  four  buckets  of  oil,  the  weights  or 
plumb-bobs  to  be  attached  to  the  wire,  and  all  the  survey- 
ing instruments,  leaving  a  responsible  party  on  the  surface 
to  handle  the  wires.  Having  arrived  at  the  bottom  of  the 
shaft,  have  the  cage  hoisted  3  feet  above  the  landing,  throw 
several  planks  across  the  timbers  on  which  to  set  the 
buckets  of  oil,  signal  to  the  man  on  top  to  lower  a  wire  and 
to  fasten  it  securely,  passing  it  through  the  wire-hole  of  the 
hanger;  now,  attach  the  plumb-bob  and  adjust  the  wire  to 
such  length  that,  when  sustaining  the  full  weight  of  the 
plumb-bob,  the  latter  will  not  touch  the  bottom  of  the 
bucket.  Insert  the  weight  in  the  oil,  using  care  not  to  leave 
the  full  weight  on  the  wire  with  a  jerk,  but  let  the  weight 
down  slowly,  so  that  the  wire  receives  the  full  strain  gradu- 
ally.    Set  the  three  remaining  wires  in  a  similar  way. 

After  the  wires  have  been  hanging  a  few  minutes  with 
the  weights  attached,  the  latter  may  move  from  one  side  to 
the  other  of  the  buckets.  Watch  this  carefully,  and  keep 
moving  the  buckets  until  all  the  weights  hang  perfectly 
free,  then  leave  everything  alone  until  the  wires  become 
steady.  The  cages  can  now  be  hoisted  and  lowered  for  the 
purpose  of  examining  the  wires  to  see  that  they  hang  free 
and  plumb,  care  being  taken  that  the  cages  are  not  brought 
too  close  to  the  landings,  so  as  not  to  disturb  the  hangers  at 
the  top,  or  the  buckets  at  the  bottom. 

To  find  a  point  vertically  below  A,  stretch  a  string  along 
the  wires  B^  C,  being  careful  not  to  touch  them;  stretch 
another  along  the  wires  Z>,  £;  then,  with  a  plumb-line,  de- 
termine a  point  on  the  bottom  vertically  below  the  inter- 
section of  the  strings.  Measure  the  distances  A  B,  A  D^ 
B  Df  and  CEy  and  compare  them  with  the  corresponding 
distances  at  the  top  of  the  shaft.  If  these  distances  com- 
pare favorably,  the  wires  are,  in  all  probability,  steady,  and 
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the  work  of  determining  the  desired  course  with  the  transit 
may  now  be  begun. 

Set  the  transit  up  over  the  point  of  intersection  just 
found;  backsight  on  the  wires  B^  C;  foresight  on  the  wires 
D^  E^  and  compare  the  included  angle  and  the  distances  with 
the  corresponding  angle  and  distances  at  the  surface.  If 
these  do  not  correspond,  move  the  transit  in  the  direction 
necessary  to  increase  or  decrease  the  angle  or  distances,  as 
the  case  may  be.  Repeat  this  operation  until  the  exact 
point  vertically  below  A  is  determined. 

A  simple  device  which  is  of  great  advantage  is  to  have 
three  links  from  an  ordinary  trace  chain  placed  in  the  wires 
on  the  side  towards  the  transit,  and  a  few  feet  above  the 
buckets.  This  not  only  enables  the  wires  to  turn  freely,  but 
also  enables  the  transitman  to  sight  through  one  of  the 
links  to  the  wire  beyond,  whereby  he  can  place  the  transit  in 
exact  line  with  the  wires  more  easily  than  if  the  links  were 
not  there. 

STATIONS. 


LOCATION  OF  STATIONS. 

1 224.  As  the  location  of  stations  is  the  most  important 
duty  of  an  engineer  in  surface  work,  so  it  takes  the  first 
place  in  underground  work,  as  the  accuracy  of  the  work  de- 
pends on  the  location  of  the  stations,  while  its  rapidity 
depends  on  using  the  fewest  number  consistent  with  com- 
pleteness. It  also  stands  to  reason  that  the  fewer  the 
number  of  stations,  the  fewer  the  chances  of  error.  In 
underground  work,  stations  should  be  located  under  the 
conditions  of  permanence,  freedom  from  destroying  agencies, 
and  ease  of  access.  Temporary  stations  for  a  single  sight 
need  not  fill  all  these  requirements.  Stations  are  gen- 
erally established  in  the  roof  of  the  mine,  although  they  are 
sometimes  put  in  the  bottom.  In  the  former  case,  we  must 
establish  a  **center"  before  each  set-up  of  the  transit;  in 
this  respect,  underground  work  differs  from  surface  work. 
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The  first  surveys  were  made  with  lamps  set  on  the  floor, 
sighted  to,  and  then  set  over.  Permanence  was  secured  by 
driving  iron  nails  or  tacks  in  the  sills  of  the  track  or  sets  of 
timber.  As  acid  water  soon  destroyed  these,  they  were 
followed  by  copper  tacks  or  brads,  and  all  were  witnessed 
by  notches  cut  on  both  sides  of  the  sill,  as  in  outside  work, 
and  by  a  vertical  paint  mark  on  the  solid  wall,  with  the 
number  of  the  station.  This  method  is  faulty,  as  the  tracks 
in  crooked  gangways  are  seldom  placed  where  one  can  get 
the  longest  sight,  and,  as  they  are  the  traveling-ways,  the 
stations  run  the  chance  of  being  knocked  out  by  passing 
men  or  mules,  and  the  whole  track  on  a  curved  incline  is 
generally  sprung  by  every  loaded  trip. 

As  the  sights  must  be  as  long  as  careful  work  will  allow, 
we  generally  put  them  in  the  roof,  as  that  offers  the  great- 
est area  for  a  choice,  and  is  not  under  foot.  Any  settling 
of  the  roof  which  would  affect  the  accuracy  of  the  station 
would  be  equally  effective  in  destroying  the  accuracy  of  a 
station  in  the  floor.  We,  therefore,  choose  places  that  will 
be  least  affected  by  subsequent  work,  and  put  the  stations 
in  collars,  lids,  or  wedges  of  props,  in  the  props  themselves 
when  they  have  incline  sufficient  to  allow  the  transit  to  be 
set  under  them,  or  in  the  roof  itself.  Wherever  set,  they 
should  not  project  far  from  the  surface  and  thus  be  liable  to 
be  brushed  away  in  a  low  gangway  by  cars  with  topping 
higher  than  usual,  or  knocked  away  by  flying  fragments 
from  a  shot,  if  near  the  working  faces.  Top  stations  have 
a  mark  about  them  to  call  attention  to  their  location. 


KINDS  OF  STATIONS. 

1225.  First. — The  simplest  top  station  is  a  shallow 
conical  hole  made  with  the  point  of  the  foresightman's 
hatchet,  which  is  dug  into  the  top  rock  and  rotated;  it  is 
called  by  some  a  Ji|j:ij:er  station.  Corps  using  these 
entirely  have  a  JiffKer,  consisting  of  a  steel-pointed  exten- 
sion rod  with  an  offset  holding  a  paint-brush.  The  rod  is 
long  enough  to  allow  the  point  to  be  driven  into  the  roof  at 
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any  height,  and  its  rotation  marks  a  circle  with  the  brush, 
which  is  also  used  to  mark  the  number  beside  the  circle. 
Centers  are  set  under  such  stations,  and  sights  are  given  by 
another  tool — ^also  called  a  jigger.  This  is  an  extension  rod, 
beyond  the  upper  end  of  which  projects  a  piece  of  sheet  iron 
shaped  like  an  isosceles  triangle,  with  the  upper  and  smaller 
angle  cut  off  so  as  to  form  an  end  one- quarter  of  an  inch 
broad,  and  in  this  end  is  cut  a  U-shaped  groove. 

The  sights  are  given  and  the  '*  centers  "  set  by  putting 
the  plummet  cord  in  this  groove,  and  placing  the  end  in  the 
"jigger  hole  "  in  the  roof.  The  cord  must  be  more  than 
twice  the  length  of  the  section  of  the  place,  as  it  must  be 
held  in  the  hand,  run  over  the  jigger  notch,  and  thence 
vertically  downwards  to  the  plummet,  which  must  come  to 
the  bottom  when  the  stations  are  set.  The  rod  and  cord 
are  held  in  the  left  hand,  and  the  right  is  free  to  steady  the 
**  bob,"  give  sight,  or  set  the  center.  The  advantage  of  this 
method  lies  in  the  rapidity  with  which  the  centers  are  set 
and  the  sights  given,  and  the  ease  with  which  the  highest 
stations  are  reached.  The  disadvantages  are  the  impossi- 
bility of  making  the  jigger  hole  perfectly  conical,  so  that  the 
jigger  can  be  set  in  the  same  place  on  two  successive  sights, 
and  of  making  the  plummet  cord  hang  exactly  in  the  same 
place. 

1226.  Second. — Common  shingle-nails  are  driven  into 
collars,  or  cracks  in  the  roof.  The  end  of  the  plummet  line 
is  noosed  and  put  over  the  head.  This  causes  an  eccentric 
hanging  of  the  plummet  which  may  cause  an  error  in  back 
and  foresight  of  the  width  of  the  nail-head,  which  will  be 
quite  appreciable  in  a  short  sight.  To  do  away  with  this 
error,  a  variety  of  nails  (called  **spads,"  ** spuds,"  etc.)  are 
made  of  iron  or  copper.  Iron  will  not  corrode  in  dry  mines 
and  is  much  cheaper.  The  simplest  is  made  by  hammering 
out  the  head  of  a  horseshoe  nail,  punching  a  hole  in  the 
flattened  head  for  inserting  the  cord,  and  cutting  off  the 
point,  so  as  to  make  the  finished  spad  an  inch  long.  This 
will  bring  the  head  near  the  surface  without  having  to  drill 
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too  deep  a  hole,  and  will  make  them  unfit  for  lamp-picks, 
and  therefore  not  likely  to  be  drawn  out  for  such  purposes. 
Any  blacksmith  can  furnish  them  for  less  than  one  cent 
each.  They  are  driven  broadside  to  the  line  of  sight, 
otherwise  they  would  be  liable  to  the  same  objection  as  the 
shingle-nail.  To  remove  all  chances  of  eccentricity,  a  form 
is  made  with  a  shoulder  in  which  a  hole  is  drilled  parallel  to 
the  length  of  the  nail.  The  practice  of  using  staples  for 
stations  is  antiquated — though  given  in  the  last  editions  of 
some  modern  text-books — and  should  never  be  used  where 
accuracy  is  required. 

1227.  Third. — All  these  varieties  of  spads  are  driven 
into  a  crack  of  the  roof;  but.  such  stations  can  not  be  called 
permanent^  as  the  same  force  that  made  the  crack  will  tend 
to  open  it  and  let  the  nail  drop.  Even  if  this  does  not 
happen,  we  shall  have  the  water  in  a  wet  mine  coming 
in  through  these  cracks,  and  rotting  the  nails,  or  the  rock 
at  the  sides  of  the  crack,  and  in  a  month  after  the  placing 
of  the  station,  it  will  be  unfit  for  use. 

1228.  Fourth. — A  spad  is  driven  into  a  wooden  plug 
forced  into  a  hole  drilled  in  the  roof.  The  swelling  wood 
clamps  the  spad  and  prevents  its  coming  out  as  readily  as  it 
was  put  in.  The  plugs  are  made  of  well-dried  wood  outside, 
and  are  carried  by  the  man  who  sets  the  stations.  The  first 
holes  were  made  by  a  jumper,  and  the  plugs  were  two  inches 
square  and  six  inches  long.  The  modern  holes  are  usually 
made  by  a  twist-drill  of  as  small  a  diameter  as  will  do  the 
work  without  bending  at  the  shank.  Such  drills  can  be  used 
in  slate  or  clay,  but  an  ordinary  drill  and  hammer  must  be 
used  in  hard  rock.  The  average  modern  holes  are  from 
one-eighth  to  one-half  an  inch  in  diameter,  while  the  plugs 
are  one-half  to  one  inch  long  as  the  maximum.  The  smaller 
the  hole,  the  quicker  the  work.  All  stations  should  be  put 
in  the  roof  in  preference  to  the  under  side  of  the  collar,  or 
in  any  ordinary  timbering.  The  only  exception  is  where  the 
roof  is  too  poor  to  hold  them.     In  extending  a  survey,  such 
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stations  should  be  checked  before  they  are  used,  if  we  wish 
to  swear  to  the  accuracy  of  our  work.  The  engineer  who 
believes  in  using  collars  may  find  himself  in  the  quandary  of 
the  man  whose  company  worked  across  their  line  because  he 
started  from  a  collar  station.  Since  its  location,  the  place 
was  working,  and  the  collar  was  taken  down  and  turned  end 
for  end  when  replaced.  ■  Good  side  notes ^  if  consulted^  would 
have  shown  him  the  change. 

1229.  Fifth. — A  twist-drill  -^  of  an  inch  in  diameter  is 
used  to  make  a  hole  in  the  roof ;  a  piece  of  cord — or,  better, 
a  copper  wire — is  placed  across  this,  and  a  hardwood  shoe- 
peg  is  driven  into  the  hole  and  binds  the  cord  tight.  The 
plummet  is  tied  to  the  lower  end.  A  cord  will  soon  rot, 
and,  if  in  the  gangway,  is  pulled  out  by  the  drivers  for  whip- 
lashes, while  the  wire  is  more  permanent;  but  even  this  will 
be  pulled  out  by  catching  in  the  topping  of  a  car  in  a  low 
place. 

1230.  Sixth. — The  use  of  spads  is  dispensed  with,  and 
all  the  stations  put  in  rock  roof  where  possible.  A  quarter- 
inch  twist-drill  makes  a  vertical  hole  one  inch  deep.  Into 
this,  when  a  sight  is  to  be  taken,  the  foresightman  puts  a 
steel  clip  with  serrated  edges.  This  is  made  by  bending  a 
thin  piece  of  steel  -j^  of  an  inch  wide  until  its  ends  nearly 
touch.  When  the  ends  are  pressed  together,  it  will  go  into 
the  hole,  and  the  spring  of  the  sides  and  the  serrated  edges 
hold  the  clip  in  the  hole,  so  that  it  is  hard  to  pull  out.  The 
cord  passes  through  a  hole  in  the  center  of  the  bend,  and  is, 
therefore,  in  the  center  of  the  hole — no  matter  how  the  clip 
is  inserted.  It  is  removed  by  pressing  together  the  ends  of 
the  clip.  This  is  the  easiest  and  quickest  way  of  working, 
as  there  is  no  eyehole  to  be  freed  from  dirt  and  no  knot  to 
be  tied  and  untied.  The  hanging  of  the  plummet  takes  a 
fraction  of  a  second,  and  the  station  will  remain  as  long  as 
the  roof  keeps  up.  The  disadvantages  are  the  drilling  of 
the  holes  inclined  to  the  vertical  bv  a  careless  man,  and  the 
many  roofs  that  are  unfit  for  piercing  with  a  twist-drill. 
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MARKING  STATIONS. 

1 231.  There  should  be  some  regular  way  of  witnessing 
the  stations.  In  general,  a  vertical  line  on  the  '*  rib  "  calls 
attention  to  a  station  in  the  bottom,  near  the  side  marked. 
A  roof  station  has  some  geometric  figure  marked  around 
it,  as  has  been  described.  If  three  regular  corps  are  en- 
gaged in  the  same  field  and  meet  in  the  same  mines — as  the 
company  corps,  the  corps  of  the  individual  operator,  and 
the  private  corps  that  is  looking  after  the  interest  of  one  or 
more  of  the  landowners — they  must  use  different  signs  for 
stations.  The  most  common  are  the  circle,  square,  and  tri- 
angle. If  the  ** circle"  corps  puts  in  the  station,  it  has  a 
circle  about  it.  The  next  corps  uses  the  same  station,  and 
puts  a  square  about  it  and  notes  **Sta.  472  =  Sta.  742  of 
(  )  Corps."  The  third  corps  also  uses  the  station  and  puts 
a  triangle  about  the  square,  and  notes  **  Sta.  017  =  Sta. 
472  of  (  )  Corps,  and  Sta.  742  of  (  )  Corps."  If  the  first 
corps  uses  the  station  again,  it  notes  the  numbers  given  by 
the  other  two  corps,  and  these  three  numbers  will  aid  in 
identifying  it  if  one  or  two  of  the  numbers  are  lost. 


DISTINGUISHING   STATIONS. 

1232.  Each  station  must  be  lettered  or  numbered  so 
that  it  can  be  readily  recognized  when  the  subsequent  sur- 
veys are  made.  When  set,  a  station  may  be  at  the'end  of 
a  gangway,  while  six  months  later  the  gangway  may  be 
driven  hundreds  of  feet  from  that  place,  chambers  turned 
off  it,  and  the  place  be  so  utterly  unlike  its  former  state  that 
nothing  but  a  fixed  mark  belonging  to  that  station  alone 
will  enable  one  to  recognize  it.  The  methods  of  distinguish- 
ing stations  vary  widely.  In  one  place,  the  writer  found 
that  each  gangway  and  room  had  a  Sta.  1  at  its  beginning, 
and  the  various  stations  numbered  1  were  designated 
*'Grog  Run  1,  2,  3,  etc.;  Pat  James'  Gangway  1,  2,  etc."; 
and  so  on  through  the  map,  that  showed  between  fifty  and 
one  hundred  stations  numbered  1,  so  that  a  new  engineer 
would  have  had   to   learn  the  mine  thoroughly  before  he 
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could  extend  a  survey.  Another  way  is  to  use  Al,  A2,  etc., 
up  to  AlOO,  and  so  through  the  alphabet,  to  avoid  running 
up  too  high  in  numbers.  A  third  method  is  to  letter  the 
various  sections  of  the  mine  A,  B,  C,  etc.,  the  numbers  be- 
ginning with  1  in  each  and  running  up  indefinitely. 

All  of  the  above  have  disadvantages,  as  powder  or  lamp 
smoke,  mud,  mold,  or  the  work  of  mischievous  boys  may  so 
obliterate  or  obscure  a  mark  that  it  can  be  recognized  only 
by  association  with  its  immediate  neighbors,  and  these  may 
have  shared  the  same  fate.  You  may  have  only  a  part  of 
the  mine  map  with  you,  and  because  the  system  of  mark- 
ing strives  to  get  along  with  as  few  symbols  as  possible, 
you  have  to  go  to  the  office,  when  there  would  have  been  a 
chance  of  deciphering  the  mark  if  there  had  been  a  number 
of  figures  to  it.  The  best  practice,  therefore,  is  to  use  large 
numbers,  beginning  with  Sta.  100  at  the  mouth  of  the  slope 
or  drift,  or  the  foot  of  the  shaft,  and  numbering  consecu- 
tively in  each  bed.  In  this  way,  three  figures  are  used  at 
once,  while  in  old  mines  the  numbers  require  four  digits. 
The  chances  of  obscuring  such  a  mark  are  lessened,  while 
the  chances  of  our  deciphering  it  are  increased. 


CBNTBR8. 

1233*  When  the  station  is  in  the  roof,  there  must  be 
something  over  which  the  transit  can  be  set,  for  the  way  in- 
struments are  constructed  it  is  easier  and  much  more  ac- 
curate to  set  over  a  station  than  to  set  under  one.  The 
set-up  is  made  over  a  **  center."  At  first,  a  cross  scratched 
on  the  floor,  or  on  a  loose  piece  of  slate,  a  daub  of  white 
lead  on  the  same,  with  a  small  piece  of  coal  placed  under 
the  point  of  the  plummet  after  it  has  been  steadied,  or, 
finally,  a  nail  driven  into  a  block  and  afterwards  pointed, 
were  used.  All  of  these,  except  where  the  mark  was  on  the 
solid  floor — if  they  were  large  enough  to  be  stable — were  in 
the  way  of  the  observer's  feet,  while,  if  small,  they  were  so 
light  as  to  be  readily  displaced.  It  must  be  noted  here  that 
it  is  not  so  much  the  errors  that  we  can  foresee  and  detect 
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that  influence  the  accuracy  of  the  work  in  our  own  eyes, 
but  the  chances  of  error  from  accidents  that  we  can  not 
control  and  that  can  not  be  readily  detected.  To  avoid  the 
above  chances,  we  make  the  centers  as  small  and  as  heavy 
as  we  can — in  other  words,  we  make  them  of  lead.  A  hole 
1^  inches  in  diameter  and  ^  an  inch  deep  is  bored  in  a  thick 
plank;  a  brad  is  set  in  its  center  with  the  head  down;  the 
hole  is  filled  with  melted  lead,  and  the  brad  is  slightly  raised 
to  surround  the  head  with  lead,  and  held  with  pincers  in  a 
vertical  position  till  the  lead  has  set.  The  brad  is  cut  off  i 
of  an  inch  above  the  lead  and  pointed.  This  **  center  "  com- 
bines weight  and  small  size,  and  is  generally  used. 


PAINT. 

1234*  White  lead,  or  Dutch  White,  thinned  with  lin- 
seed oil,  is  ordinarily  used.  It  is  carried  in  a  covered  tin 
pail  holding  a. pint.  The  cover  has  a  hole  large  enough  to 
admit  the  brush.  The  pail  generally  has  to  be  cleaned  out 
after  each  day's  work,  as  the  brush  gathers  dirt  every  time 
it  is  used.  In  case  the  paint  is  to  be  kept  for  a  number 
of  days,  it  must  be  covered  with  water,  which  can  be  poured 
off  before  using.  If  the  ordinary  paint-brush  has  too  long 
bristles,  it  can  be  shortened  and  kept  from  wearing  by 
winding  with  fine  wire  to  the  proper  length. 


THE    MINE    CORPS. 

1235.  The  method  of  dividing  the  work  in  an  under- 
ground survey  depends  on  the  size  of  the  corps.  At  least 
three  men  are  necessary,  two  others  besides  the  transitman, 
and  more  can  be  used  to  great  advantage. 

An  ideal  corps  will  be  given,  and  the  duties  of  each  man 
described.  The  chief  of  the  party  should  be  where  he  can 
do  the  greatest  good,  and  where  he  can  direct  the  work  for 
his  subordinates.  The  principal  point  of  the  survey  is  the 
setting  of  the  stations  so  as  to  do  the  work  thoroughly  with 
the  fewest  set-ups,  and  thus  to  diminish  the  chances  of 
error  in  instrumental   work  and  other  measurements. 


§  9  MINE  SURVEYING  AND   MAPPING.  71 

The  chief  should  locate  the  stations,  and  add  all  the  nec- 
essary signs  to  show  how  the  work  is  to  be  done.  The 
transitman  should  not  have  his  attention  distracted  from  his 
particular  work  by  questions  as  to  procedure.  He  should 
work  untrammeled.  The  chief,  therefore,  should  not  run 
the  transit.  Upon  this  basis,  the  ideal  mine  corps  works,  and 
should  consist  of  at  least  four  men  from  the  office  and 
three  from  the  mine.  It  is  divided  into  two  sections.  The 
chief  takes  the  men  supplied  by  the  mine — one  or  more  of 
whom  are  acquainted  with  the  mining  work  done  since  the 
last  survey — and  locates  the  stations. 

The  transitman  follows  with  the  second  section  to  measure 
angles  and  distances.  When  the  stations  are  set,  the  chief 
takes  his  men  after  the  transit  party,  and  gets  the  side  notes, 
with  a  check  measurement  of  the  distance  between  stations. 

Such  a  corps  goes  to  the  end  of  the  former  survey,  and 
identifies  the  last  two  stations.  The  transitman  prepares  to 
set  up  at  the  last,  while  the  chief,  with  his  party,  goes  as  far 
as  he  can  see  the  light  from  the  last  station,  or  to  some 
intermediate  point  from  which  one  or  more  sights  are  to  be 
taken.  He  then  stops,  and  sends  a  man  along  each  place 
where  a  sight  must  be  taken,  as  far  as  their  lights  can  plainly 
be  seen  from  top  to  bottom  from  where  he  is 
standing.  Over  this  place  he  marks  a  point  for 
a  station  to  be  inserted,  and  generally  inserts 
it  himself  unless  he  is  pushed  with  work  and 
must  leave  it  for  another  to  do,  when  he  places 
a  circle  about  the  dot,  places  the  number  at  the 
side,  and  as  many  arrows  as  there  are  new 
stations,  the  longer  (Fig.  247)  pointing  to  the 
sight  to  be  last  taken  and  where  the  transit  is  fig.W. 
to  be  set  up  next.  Leaving  a  backsight  at  the  point  just  set, 
he  sets,  successively,  stations  at  the  points  where  the  fore- 
sightmenhave  stood  in  the  manner  just  described  till  he  has 
covered  the  new  work — the  mine  boss  or  some  intelligent 
miner  going  with  him  to  give  him  an  idea  of  the  **layof  the 
ground/*  so  that  the  work  can  be  covered  with  the  fewest 
number  of   stations.     Sometimes   the  chief   takes  the  side 
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notes  and  measures  the  distances  between  stations  as  fast  as 
they  are  set.  If  on  a  pitch,  a  circular  brass  protractor  with 
small  plummet  is  hung  at  the  center  of  the  stretched  tape  to 
give  the  angle  at  which  it  is  held,  the  measurement  so  ob- 
tained to  serve  as  a  check  on  the  measurements  taken  by  the 
transit  party,  which  are  used  as  the  basis  of  the  work,  and 
the  other  measurements  are  solely  as  checks.  In  flat  work, 
both  measurements  should  coincide. 

In  a  small  corps,  and  where  time  is  of  little  importance, 
the  foresightman  puts  in  the  stations  ahead  of  the  transit, 
and  while  he  is  doing  so  the  transitman  takes  the  side  notes. 
Sometimes  the  side  notes  are  taken  by  the  same  man,  while 
one  of  the  party  is  taking  the  transit  to  the  next  station  and 
setting  it  up  for  the  next  sight.  There  are  about  as  many 
variations  from  these  two  methods  as  there  are  corps. 

The  foresightman  should  be  intelligent  and  active,  as  the 
amount  of  work  done  in  a  day  depends  upon  his  ability  to 
keep  ahead  of  the  transitman.  His  duty  is  to  set  the  center 
for  the  next  set-up  under  the  station,  and  also  to  place  the 
tripod  (if  three  are  used  in  the  work),  to  give  the  sight,  and, 
in  some  corps,  to  carry  the  front  end  of  the  tape  and  assist 
in  taking  the  distance.  In  some  corps  he  also  carries  the 
bag  with  tools  for  setting  stations,  so  that  he  generally  has 
a  load  that  makes  rapidity  of  movement  difficult,  and 
anything  that  will  diminish  the  weight  carried  will  tend  to 
quicken  the  work. 

The  rapidity  with  which  good  work  is  done  varies  consid- 
erably, but  it  depends  upon  the  activity  of  transitman  and 
foresightman.  It  varies  also  with  the  distances  between  sta- 
tions. The  saving  of  time  should  never  be  sought  at  the 
expense  of  accuracy  in  the  work ;  it  is  to  be  gained  by  rapid- 
ity of  moving  about,  in  setting  transit,  center,  etc.,  and  in 
hanging  plummets  to  give  sight.  The  foresightman  and 
backsightman  should  be  in  position  to  give  sight  before  the 
transitman  is  ready,  .so  that  he  can  turn  his  instrument  on 
one  or  the  other  and  find  them  in  position. 

The  backsightman  has  little  to  do  inside,  and  to  compen- 
sate for  this,  he  is  the  one  who  cleans  and  oils  the  tape,  gets 
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out  new  plummet  strings,  and  sees  that  the  tools  are  ready 
for  the  next  work,  as  soon  as  the  corps  gets  to  the  office. 
The  transitman  cleans  the  transit,  unless  the  corps  has  sub- 
ordinates who  can  be  trusted  with  so  delicate  an  instrument. 
The  blackening  from  sulphureted  hydrogen  is  rubbed  from 
the  silvered  surfaces  with  whiting,  and  the  oil  or  paint  smears 
are  removed  with  alcohol.  Alcohol  should  be  used  instead 
of  water  for  cleaning  the  instruments,  and  especially  the 
lenses,  which  are  wiped  with  jeweler's  cotton  or  soft  chamois 
skin.  

INSIDE  ^WORK. 

1 236*  As  the  beds  of  anthracite  lie  at  all  angles,  they 
give  rise  to  what  is  known  as  flat  and  pitchini^  work,  each 
of  which  requires  a  special  method  of  surveying.  Flat  work 
is  that  which  is  done  on  beds  having  so  slight  a  dip  that  the 
cars  can  be  drawn  to  the  face  of  the  room.  Usually,  in  this 
kind  of  work,  there  is  nothing  to  prevent  a  sight  being  taken 
from  the  gangwiay  to  the  face.  The  variations  in  the  meth- 
ods of  work  in  this  case  depend  upon  the  accuracy  with  which 
the  work  must  be  performed,  as,  in  some  cases,  the  work- 
ings are  approaching  the  boundary-line  of  the  property,  and 
the  sides  of  the  rooms  must  be  located  accurately.  In  gen- 
eral, the  rooms  are  driven  at  right  angles  to  the  gangway, 
unless  the  dip  is  too  great  to  haul  a  car  to  the  face  on  that 
line,  when  they  are  inclined  to  the  gangway  at  an  acute 
angle.  The  width  of  the  rooms  in  flat  work  is  generally 
uniform  where  the  roof  is  good,  but  where  the  roof  is  poor, 
the  entrance  is  narrowed  for  a  short  distance  (to  better 
support  the  gangway)  and  then  widened  to  the  full  width, 
or  the  whole  is  driven  to  the  limit  narrow,  and  the  side  is 
robbed  when  the  top  is  drawn,  and  the  whole  room  caves 
in.     This  last  must  be  surveyed  before  the  robbing  begins. 

The  most  accurate  method  of  surveying  is  to  run  a  line 
along  the  gangway  and  put  a  station  at  the  entrance  of  each 
room,  whence  a  sight  is  taken  to  the  face.  This  may  be 
varied  by  putting  the  stations  at  alternate  rooms  and  meas- 
uring through  the  cross-cuts  to  get  the  thickness  of  the 
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pillars  of  the  intermediate  rooms;  or  by  placing  stations  at 
every  third  room  and  measuring  the  thickness  of  pillars 
and  width  of  rooms  that  intervene;  or,  finally,  by  running 
out  the  gangway  with  as  few  sights  as  possible  and  paying 
no  attention  to  the  positions  of  the  rooms  in  setting  sta- 
tions, thence  up  to  the  last  room  to  the  face,  and  back 
through  the  cross-cuts  nearest  the  face  to  the  former  work, 
where  a  tie  is  made.  When  opportunity  offers,  sights  are 
made  from  the  face  of  the  rooms  to  the  stations  in  the  gang- 
way for  intermediate  ties.  In  case  a  gangway  and  an  air- 
way have  been  driven  considerably  ahead  of  the  rooms,  it  is 
always  necessary  to  run  lines  in  each,  and  tie  at  the  last 
cross-cut.  This  must  be  done  in  every  case  where  the 
gangway  is  approaching  the  boundary-line,  or  old  workings 
that  have  been  abandoned  and  are  full  of  water.  In  addi- 
tion to  this  check,  the  miners  must  keep  bore-holes  twenty 
feet  ahead  in  the  line  of  the  gangway,  and  every  twenty 
feet  they  must  drill  others  from  the  corners  of  the  heading  at 
an  angle  of  30°  with  the  line  of  the  gangway.  In  this  way, 
there  will  be  no  danger  of  running  into  **  a  house  of  water," 
as  the  Cornish  miners  call  it,  if  the  survey  be  inaccurate. 

1 237*  Pitching  work  is  that  which  is  done  on  beds  in- 
clined so  much  that  a  car  can  not  be  run  to  the  face.  It  is 
generally  difficult  to  see  from  the  gangway  to  the  face,  even 
where  the  roof  is  good  and  the  room  straight,  as  a  buggy 
track  or  chute,  or  both — when  the  pitch  is  slight — fill  up  the 
room.  Where  the  pitch  is  great,  or  there  is  a  '* battery" 
shutting  off  the  neck  of  the  room,  the  face  can  be  reached 
only  by  several  sights.  Where  the  roof  is  poor,  the  ob- 
structions are  increased,  as  the  rooms  are  driven  narrower, 
or,  if  wide,  they  have  center  props  and  stowing  in  the  cen- 
ter. If  the  coal  is  full  of  slate,  or  if  the  partings  are  thick, 
a  great  part  of  the  room  is  taken  up  with  piles  of  **gob," 
and  with  a  very  poor  roof  the  body  of  the  room  that  has 
been  worked  out  is  filled  with  the  fallen  roof,  and  the  coal 
is  sent  out  through  the  triangular  man  ways,  where  it  is 
almost  impossible  to  take  a  sight. 
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Work  of  this  kind  is  surveyed  by  lines  run  in  the  gang- 
way and  back  along  the  faces  of  the  rooms,  which  are  gen- 
erally clear,  even  if  the  bodies  of  the  rooms  a-re  filled  with 
the  fallen  top.  Where  chance  favors,  sights  are  taken  to 
the  gangway;  but  this  very  seldom  happens,  as  the  two 
lines  are  as  effectually  separated  as  if  in  different  mines. 
From  the  stations  near  the  faces,  lines  are  run  down  the 
rooms  as  far  as  possible  to  get  their  direction  and  to  locate 
the  cross-cuts.  The  very  worst  case  of  all  is  where  two 
beds  are  separated  by  a  thin  parting  of  rock  and  the  gang- 
way is  driven  in  the  lower  one  alone,  the  rooms  in  the  upper 
one  being  worked  by  rock  chutes  into  the  rooms  below,  or 
into  the  chutes  from  those  rooms.  This  class  of  work  is 
hard  to  ventilate,  and  hard  to  survey  where  the  rooms 
above  are  ventilated  by  the  air  system  of  the  lower  beds, 
but  is  readily  surveyed  and  mapped  where  there  is  an  air 
system  for  each  bed. 


MINE  SURVEYING  AND  MAPPING. 

(RART   3.) 


LEVELING. 


INTRODUCTION. 

1 238.  Lrevellng  is  the  operation  of  determining  the 
vertical  heights  of  points  above  some  adopted  plane  of  ele- 
vation. Wherever  convenient,  the  plane  of  mean  sea-level 
is  taken,  although  any  other  plane,  whether  real  or  imagi- 
nary, may  be  taken  as  the  basis  of  operations.  Any  line  in 
the  assumed  plane  which  is  taken  as  the  basis  of  the  opera- 
tions is  called  the  datum  line,  or  datum. 

1239.  In  mining  work,  leveling  is  conducted  princi- 
pally for  the  following  purposes:  (1)  to  determine  the 
difference  of  level  between  two  or  more  known  points;  (2) 
to  determine  the  elevation  of  the  ground  along  any  desired 
line,  for  the  purpose  of  obtaining  a  profile  or  a  section  along 
that  line. 

1 240.  The  relative  elevations  of  the  various  points  are 
to  be  ascertained  without  regard  to  their  absolute  eleva- 
tions. But,  in  order  to  have  a  convenient  basis  of  compari- 
son upon  which  to  obtain  the  relative  elevations  of  the 
various  points,  it  is  convenient  to  assign  an  assumed  eleva- 
tion to  some  one  of  the  points,  usually  the  starting-point. 

It  is  of  little  importance  what  elevation  is  assumed,  ex- 
cept that  the  starting-point  should  be  assumed^so  far  above 
datum — or,  in  other  words,  the  position  of  the  datum  line 
should  be  assumed  so  far  below  the  starting-point — that  no 
point  in  the  line  of  levels  will  be  liable  to  fall  below  the 
datum  line ;  for,  if  any  point  in  the  line  of  levels  were  to 
fall  below  the  datum  line,  its  elevation  would  become  minus, 
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which  vould  cause  unnecessary  inconvenience  in  keeping 
the  notes.  For  short  lines  of  levels  in  ordinary  country,  it 
is  quite  customary  to  assume  the  elevation  of  the  starting- 
point  to  be  one  hundred  feet  above  datum.  But  in  rough 
country,  or  for  an  extended  line  of  levels,  in  order  that  no 
point  may  fall  below  datum,  it  will  be  necessary  to  assume' 
a  greater  elevation  for  the  starting-point ;  an  elevation  of 
one  thousand  feet  is  not  uncommonly  assumed. 


THE  ENGINEER'S  I.EVEL. 
1241.  The  level  is  an  instrument  which,  when  properly 
adjusted,  will  accurately  indicate  the  direction  of  a  level  line. 
For  this  purpose,  instruments  of  various  forms  and  con- 
struction are  employed.  The  instrument  commonly  used 
by  engineers,  however,  and  which  has  been  found  to  be  the 
most  satisfactory  for  the  general  purposes  of  a  leveling- 
instrument,  is  what  is  known  as  the  engineer's  wye  level.  It 
is  called  a  wye  level,  or  Y  level,  on  account  of  the  Y-shaped 
supports  to  the  telescope,  which  are  well  adapted  to  the 
accurate  adjustment  of  the  instrument,  as  will  be  hereafter 
noticed.  As  the  wye  level  is  the  instrument  used  almost 
universally  in  this  country  for  the  purpose  of  leveling,  it  is 
important  that  the  student  should  become  familiar  with 
the  general  principles  of  its  construction  and  with  its  adjust- 
ments. 

An  engineer's  wye  level,  embodying  the  usual  features  of 
modern   construction,   is    shown    in   Fig.  248.     It   consists 
essentially  of   the  tele- 
.  scope  eo,  the  spirti-level 
II,   the  tripod  head  h, 
and  the  various  appur- 
tenances   and    devices 
for  attaching  the  level 
and    telescope    to    the 
tripod  head,  and  for  ad- 
justing,   leveling,    and 
sighting  the    instru- 
Pio.  M8.  ment.    In  the  telescope. 
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€  IS  the  eyepiece^  and  o  is  the  object-glass ;  m  is  a  milled-headed 
pinion,  fitting  a  rack  on  the  inside  of  the  telescope  tube,  by 
means  of  which  the  position  of  the  object-glass  can  be 
adjusted.  The  position  of  the  eyepiece  e  is  also  adjustable. 
On  the  inside  of  the  telescope  tube  at  x  are  the  cross-hairs, 
or  cross-wires,  at  the  intersection  of  which  the  image  of  the 
object  observed  is  focused  by  the  object-glass.  The  position 
of  the  cross-hairs,  with  reference  to  the  optical  axis  of  the 
telescope,  is  adjusted  by  means  of  four  small  capstan-headed 
screws  shown  at  x.  The  axis  of  the  eyepiece  is  adjusted,  or 
centered,  by  means  of  the  grooved-headed  screws  shown  at  /. 

The  level  is  attached  to  the  telescope  by  adjustable 
attachments,  in  order  that  it  may  be  adjusted  parallel  to 
the  axis  of  the  telescope.  The  telescope  is  supported  upon 
the  Y-shaped  standards  y,  y,  in  which  it  is  firmly  held  by  the 
clips  r,  c,  which  are  fastened  by  the  small  tapering  pins  r,  r. 
The  standards  y,  y  are  commonly  called  wyes.  They  are 
securely  attached  to  the  horizontal  level-bar  b  b,  and  one 
wye  is  adjustable  by  means  of  capstan-headed  screws.  The 
bar  ^  ^  is  rigidly  attached  to  a  steel  spindle,  commonly  called 
the  center,  fitting  very  accurately  into  a  socket  s,  which  is 
firmly  attached  to  the  upper  parallel  plate  p.  The  lower 
end  of  this  socket  connects,  by  means  of  a  ball  joint,  to  the 
lower  parallel  plate  /,,  which  is  rigidly  attached  to  the 
tripod  head  h.  The  plate  p^  is  supported  upon  three  wooden 
legs  zv.  The  plates  /  and  p^  are  called  Wi^  parallel  plates, 
though  they  are  seldom  really  parallel. 

The  position  of  the  upper  parallel  plate,  which  carries  the 
spindle  socket  and  determines  the  position  of  all  the  upper 
portion  of  the  instrument,  is  adjusted  by  means  of  the  four 
milled-headed  screws  n,  which  are  commonly  called  the 
leifeling-screws.  It  is  by  means  of  these  four  screws  that 
the  instrument  is  accurately  leveled  up  when  in  use.  By 
means  of  the  thumb-screw  a,  the  spindle  can  be  clamped  in 
any  position  in  its  socket,  thus  fixing  the  direction  of  the 
telescope,  which  may  then  be  slowly  turned  horizontally  by 
means  of  the  milled-headed  tangent  screw  /. 

The  level  /  /  consists  of  a  thick  glass  tube  or  vial,  slightly 
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curved  upwards ;  it  is  so  nearly  filled  with  alcohol  as  to  con- 
tain only  a  small  bubble  of  air,  the  tube  being  permanently 
sealed,  and  fixed  in  a  metal  case  having  an  opening  in  the 
top.  The  interior  of  the  tube,  or,  at  least,  the  upper  portion 
of  it,  is  ground  perfectly  cylindrical  and  to  a  regular  curve. 
The  bubble  of  air  left  within  the  tube  will  always  seek  the 
highest  point,  and  will,  by  its  movements,  indicate  any 
change  in  the  position  of  the  tube;  when  the  tube  is  in  a 
nearly  horizontal  position,  the  slightest  change  in  its  position 
will  give  considerable  movement  to  the  air-bubble. 

Above  the  opening  in  the  metal  case  which  encloses  the 
level,  and  through  which  the  level-tube  and  the  movement 
of  the  air-bubble  can  be  seen,  is  placed  a  scale  containing 
the  same  graduations  and  numbers  each  way  from  the 
center.  By  means  of  this  scale,  the  position  of  the  air- 
bubble,  with  reference  to  the  center,  may  be  readily  seen. 
The  graduations  are  sometimes  made  directly  on  the  glass 
tube.  In  order  that  the  level  may  be  so  adjusted  that  a 
line  tangent  to  the  curved  inner  surface  of  the  tube  at  its 
center  will  be  parallel  to  the  axis  of  the  telescope,  the  metal 
tube  in  which  the  level  is  enclosed  can  be  adjusted  both 
vertically  and  laterally.  In  Fig.  248,  the  capstan -headed 
screws  for  the  vertical  and  lateral  adjustments  of  the  level- 
tube  are  shown  at  its  left-hand  and  right-hand  end,  respect- 
ively. Both  adjustments  are  made  by  means  of  these  screws. 
By  means  of  the  left-hand  screws,  the  left-hand  end  of  the 
bubble-tube  can  be  raised  or  lowered ;  and  by  means  of  the 
right-hand  screws,  the  right-hand  end  of  the  tube  can  be 
moved  sideways. 

Fig.  249  is  a  longitudinal  section  of  the  telescope  e  o  oi 
Fig.  248.  As  shown  at  ^,  the  object-glass  is  composed  of 
two  lenses,  one  being  a  double-convex  and  one  a  plano- 
concave lens.  One  lens  is  commonly  made  of  crown  glass, 
and  the  other  of  flint  glass.  This  combination  of  lenses  for 
the  object-glass  has  been  found  necessary  in  order  to  render 
it  achromatic ;  that  is,  so  that  it  will  not  show  color  by  the 
decomposition  of  light.  The  object-glass  is  not  attached  to 
the  telescope  tube  proper,  but  to  a  slightly  smaller  tube  /, 
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which  is  accurately  fitted  into  the  end  of  the  telescope  tube. 
In  order  that  the  image  may  be  focused  exactly  upon  the 
cross-hairs  at  ;r,  the  tube  containing  the  object-glass  is 
made  to  slide  in  and  out  by  means  of  the  pinion  /,  working 

in  a  rack  attached  to  the  object-glass  slide, 
and  operated  by  the  milled  head  m.  When 
the  telescope  is  used  in  the  sunshine,  the 
object-glass  is  protected  by  a  sunshade  j, 
which  is  detachable,  and  is  generally  re- 
moved when  the  weather  is  cloudy.  When 
not  in  use,  the  object-glass  is  covered  by  a 
cap  which  fits  over  it  in  much  the  same 
manner  as  the  sunshade. 

The  cross-hairs  in  a  telescope  are  made 
of  very  fine  platinum  wires,  or  of  spider 
threads.  These  are  attached  to  a  short, 
substantial  diaphragm,  or  ring,  ;r,  which  is 
i  suspended  within  the  telescope  tube  by  four 
2  screws.  This  arrangement  is  similar  to 
that  shown  in  Fig.  210. 

The  eyepiece  ^,  Fig.  249,  is  simply  a 
compound  microscope,  which  magnifies  the 
image  projected  at  x  by  the  object-glass. 
It  consists  of  four  lenses  arranged  in  a 
proper  manner.  Beginning  at  the  eye  end, 
they  are  known  as  the  eyCy  the  fields  the 
amplifying^  and  the  object  lens,  respectively. 
In  order  to  accommodate  individual  pecu- 
liarities of  vision,  such  as  short-sightedness 
and  long-sightedness,  the  eyepiece  is  also 
made  to  slide  in  and  out  a  small  amount. 
The  movement  of  the  eyepiece  is  accom- 
plished in  three  different  ways.  In  some  instruments,  it 
is  simply  a  plain  slide,  and  is  pulled  out  and  pushed  in  with 
the  hand.  In  other  instruments,  a  rack  and  pinion  move- 
ment is  employed,  similar  to  that  for  the  object-glass  slide. 
In  still  other  instruments,  the  eyepiece  is  carried  out  or  in 
by  a  spiral  movement,  operated  by  turning  a  milled  ring  at 
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the  end  of  the  main  telescope  tube.  The  spiral  movement 
is  generally  preferred,  although,  owing  to  the  fact  that  it 
is  seldom  necessary  to  move  the  eyepiece,  some  prefer  the 
plain  slide.  The  eyepiece  is  centered  for  the  image  by 
means  of  the  grooved-headed  screws  shown  at  a,  which  are 
the  same  as  those  shown  at  t\  Fig.  248.  This  adjustment  is 
omitted  by  some  instrument-makers,  who  claim  that,  if  the 
instrument  is  accurately  made,  subsequent  adjustment  of 
the  axis  of  the  eyepiece  is  wholly  unnecessary. 

On  the  outside  of  the  telescope  tube,  and  near  its  respect- 
ive ends,  are  two  rings,  or  collars,  r,  c.  These  collars  serve 
as  bearings  upon  which  the  telescope  rests  in  the  wyes,  and 
are  generally  composed  of  bell  metal.  They  must  be  turned 
truly  circular,  and  must  be  of  exactly  the  same  external 
diameter.  Upon  the  accuracy  of  these  bearing  collars  de- 
pends, to  quite  an  extent,  the  accuracy  of  the  instrument; 
for,  unless  the  collars  be  perfectly  circular  and  of  exactly  the 
same  size,  the  level  can  not  be  accurately  adjusted  by  the 
methods  commonly  employed.  The  collars  do  not  rest  in 
the  wyes  throughout  their  lower  semi-circumference.  As  the 
collars  are  perfectly  circular  and  the  wyes  are  Y-shaped, 
the  collars  rest  in  the  wyes  upon  two  small  areas  of  contact, 
for  which  very  accurate  bearings  can  be  obtained. 

The  centfer,  or  spindle,  by  which  the  horizontal  level-bar 
is  connected  to  the  upper  parallel  plate,  is  a  solid  piece  of 
metal,  generally  about  three  inches  long,  and  slightly  coni- 
cal. The  metal  is  preferably  steel,  and  should  be  turned  to 
very  accurately  fit  the  socket,  which  should  be  composed  of 
a  different  metal — generally  brass.  The  arrangement  of 
the  parallel  plates,  and  the  four  milled-headed  leveling- 
screws  by  which  the  position  of  the  upper  plate  is  adjusted, 
will  be  readily  understood  from  Fig.  248. 


ADJUSTMBNTS  OF  THB  LBVEL. 

1242.  First  Adjustment. — To  make  the  line  of  col- 
limation  parallel  to  the  bottoms  of  the  collars. 

Plant  the  tripod  firmly ;  choose  some  distant  and  clearly 
defined  point,  the  more  distant  the  better,  so  long  as  the 
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sight  is  distinct.  Clamp  the  spindle  and  remove  the  pins  r 
from  the  clips  r,  Fig.  248;  then,  by  means  of  the  tangent 
screw  /,  bring  the  intersection  of  the  cross-hairs  to  bear 
exactly  upon  the  point  chosen.  Revolve  the  telescope  in 
the  wyes  until  the  level-tube  is  on  top.  If  the  intersection 
of  the  cross-hairs  is  still  on  the  point  of  sight,  it  shows  that 
the  line  of  collimation  is  parallel  to  the  bottoms  of  the  col- 
lars.  If  it  is  not,  move  the  cross-hairs  by  means  of  the 
capstan-headed  screws  at  x  over  one-half  the  space  of  the 
error,  being  careful  to  move  them  in  the  opposite  direction 
to  that  in  which  it  would  appear  they  should  go. 

1243.  Second  Adjustment. — To  make  the  plane  of 
the  attached  level  parallel  to  the  line  of  collimation. 

Remove  the  pins  r  and  open  the  clips  c ;  turn  the  tele- 
scope until  it  is  over  a  pair  of  leveling-screws,  and  clamp 
the  spindle  by  means  of  the  thumb-screw  a.  Bring  the 
bubble  to  the  middle  of  its  tube  by  turning  this  pair  of 
leveling-screws.  Then,  revolve  the  telescope  in  its  supports 
through  an  eighth  of  a  revolution,  which  will  make  the  bub- 
ble-tube stand  out  at  an  angle  with  the  wyes.  If  the 
bubble  has  moved  towards  one  end  of  its  tube,  it  shows 
that  a  vertical  plane  passed  through  the  longitudinal  axis  of 
the  bubble-tube  is  not  parallel  to  a  vertical  plane  passed 
through  the  line  of  collimation.  To  correct  the  error, 
bring  the  bubble  half  way  back  by  means  of  the  check-nuts 
which  regulate  the  lateral  movement  of  the  tube.  Repeat 
the  operation  until  the  bubble  ceases  to  run  when  the  par- 
tial revolution  is  made. 

To  complete  the  bubble  adjustment,  level  the  telescope, 
take  it  out  of  the  wyes,  and  replace  it  end  for  end.  If  the 
bubble  remains  in  the  center  of  the  tube,  the  second  ad- 
justment is  complete.  If  it  moves  towards  one  end,  bring 
it  half  way  back  by  means  of  the  check-nuts  provided  for 
raising  or  lowering  one  end,  and  bring  it  the  rest  of  the 
way,  i.  e. ,  to  the  middle  of  the  tube,  by  means  of  the  level- 
ing-screws. Repeat  the  operation,  one  trial  being  usually 
insufficient. 
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1244.  Third  Adjustment. —  To  make  the  axis  of  the 
telescope  perpendicular  to  the  spindU\  so  that  the  bubble  will 
remain  at  the  center  of  the  tube  while  the  telescope  is  revolved 
horizontally. 

Fasten  down  the  clips  r,  unclamp  the  spindle,  and  bring 
the  bubble  to  the  center  over  each  pair  of  leveling-screws  in 
succession.  Revolve  the  telescope  180°  horizontally,  and 
correct  one-half  the  movement  of  the  bubble  by  the  lock- 
nuts  at  the  end  of  the  level-bar,  and  the  remainder  by  the 
leveling-screws  n.  Repeat  the  operation,  as  several  trials 
may  be  necessary  to  make  the  adjustment  exact. 

The  adjustments  of  a  level  in  constant  use  should  be  tested 
daily,  as  any  derangement  will  detract  from  the  accuracy  of 
the  work  that  is  done,  while  it  may  be  so  much  in  error  as 
to  render  all  work  absolutely  valueless. 


LBVELING-RODS. 

1 245.  Leveling-rods  are  use9  to  determine  the  points 
at  which  a  given  horizontal  line  (the  line  of  collimation)  in- 
tersects lines  that  are  perpendicular  to  a  horizontal  plane  at 
the  surface  of  the  earth,  and  to  show  the  distances  of  such 
points  of  intersection  from  the  ground.  The  rods  are  di- 
vided into  feet  and  hundredths  of  a  foot,  and  can  be  read  to 
thousandths  of  a  foot  by  means  of  a  vernier.  Of  the  vari- 
ous kinds  in  use,  only  one  will  be  described. 

1246.  The  Philadelphia  rod,  which  is  shown  in  Fig. 
250,  is  cut  into  two  parts  so  that  both  ends  can  be  exhibited. 
It  is  made  of  maple  or  satinwood,  in  two  pieces,  sliding 
one  from  the  other,  always  in  the  same  direction,  so  that 
the  same  end  is  always  held  on  the  ground,  and  the  gradua- 
tions start  from  that  end  as  zero.  The  graduations  are 
made  to  tenths,  the  tenth  figures  being  black,  and  the  feet 
marked  with  a  large  red  figure. 

A  target  is  used  to  indicate  where  the  line  of  collimation 
cuts  the  rod.  The  face  of  the  target  is  divided  into  quad- 
rants by  a  horizontal  and  a  vertical  diameter,  and  the  al- 
ternate quadrants  are  painted  different  colors,  as  red  and 
white. 
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Along  the  right-hand  half  of  the  horizontal 
diameter  is  a  slit  about  one-eighth  inch  wide, 
behind  which  a  lamp  is  held  when  the  level- 
rod  is  used  in  the  mines.  When  a  sight  is 
taken  to  the  target,  the  horizontal  cross-hair 
in  the  telescope  is  made  to  cut  this  slit,  which 
looks  like  a  bright  line. 

The  opening  in  the  face  of  the  target  is  a 
little  more  than  a  tenth  of  a  foot  long,  so  that 
in  any  position  either  a  tenth  or  a  foot  figure 
can  be  seen  on  the  surface  of  the  rod. 

The  right  edge  of  the  opening  in  the  target 
is  a  vernier^  and  is  divided  into  ten  equal 
spaces.  The  divisions  on  the  vernier  start 
from  the  horizontal  line  which  separates  the 
colors  of  the  face.  The  vernier  enables  the 
user  to  read  to  thousandths  of  a  foot. 

For  heights  less  than  seven  feet^  the  target  is 
moved  along  the  sliding  part,  to  which  it  is 
slightly  attached  by  springs,  and  to  which  it 
may  be  permanently  attached  by  means  of  a 
clamp-screw.  The  reading  is  then  made  by 
the  vernier  on  the  target,  the  feet  and  tenths 
of  a  foot  being  read  on  the  sliding  part  itself 
from  the  ground  upwards,  and  the  hundredths 
and  thousandths  being  read  from  the  vernier 
on  the  target. 

When  a  greater  height  is  required,  the  hori- 
zontal line  of  the  target  is  fixed  at  the  seven- 
foot  division  of  the  sliding  part,  and  this  part 
carrying  the  target  is  moved  out  of  the  lower 
part  to  any  desired  height,  up  to  12  feet. 
When  the  desired  height  is  attained,  the  sliding 
part  may  be  clamped  to  the  other  by  means 
of  a  clamp  (see  Fig.  250).  On  the  right-hand 
side  of  the  face  of  this  clamp  (which  is  on  the 
opposite  side  of  the  rod  from  the  target  face) 
is  a  vernier  constructed  similar  to  the  one  on 
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the  target.  When  the  height  is  greater  than  seven  feet, 
the  readings  are  made  from  the  back  of  the  sliding  part 
from  the  top  downwards,  the  feet  and  tenths  of  a  foot  being 
read  directly  from  the  divisions  on  the  sliding  part,  and  the 
hundredths  and  thousandths  from  the  vernier. 

For  mining  work,  a  shorter  rod  than  the  one  described  is 
necessary,  say  one  that  reads  to  5 
feet  when  closed  and  to  9  feet  when 
extended  to  its  full  height. 


LEVELING    OPERATIONS. 
1 247.     In  Fig.  251  is  represented 
a  line  of  levels  prolonged  by  setting 
up  the  level  midway  between   each 
pair  of  adjacent  points.     Points  sit- 
uated   at    regular    distances    along 
surveys  are  commonly  called   sta- 
tions, and  are  numbered  consecu- 
tively,  beginning  with  zero  at  the 
j  starting-point.     The  distance  of  any 
^  station  from  the  starting-point  of  the 
"  survey  is  thus  known  to  be  equal  to 
the  regular  station  distance   multi- 
plied by  the  number  of  the  station  in 
question.     In  the  present  case,  it  is 
assumed  that  the   stations  are   one 
hundred  feet   apart   and  numbered 
consecutively,  and  that  the  distance 
to   any    point   between    stations    is 
measured  from  the   preceding   sta- 
tion.    This  distance,  measured  from 
a  regular  station  to  an  intermediate 
point,  is  called  a  plus.     For  exam- 
ple, a  point   midway   between  Sta- 
tions 4  and  5,  or,  in  other  words,  a 
point  450   feet   from  the  starting-point,  would   always  be 
designated    as    Station   U-\-50.     Leveling    operations   are 
usually  referred  to  some  permanent  object,  either  natural  or 
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artificial,  whose  height  above  the  datum  is  determined  and 
recorded  for  future  reference.  Such  a  permanent  object  is 
called  a  bencti-mark,  and  abbreviated  B.  M. 

The  point  upon  which  the  rod  is  held  for  the  last  sight 
before  the  instrument  is  moved  forwards,  and  upon  which  it 
is  held  for  the  first  sight  after  the  instrument  is  set  up  in  its 
new  position,  is  called  a  turninfc-point.     The  rod  remains 


Station. 

B.  S.  -h 

H.I. 

F.S. - 

Elevation. 

0 

3.42 

103.42 

100.1)0 

1 

0.71 

99.25 

4.88 

98.54 

2 

4.70 

97.70 

6.25 

93.00 

3 

1.25 

97.12 

1.83 

95.87 

4 

11.94 

101.06 

8.00 

89.12 

+  50 

10.27 

110.73 

0.60 

100.46 

5 

2.23 

108.50 

+  32.29 

-  23. 79 

-23.79 

• 

+    8.50 

at  the  turning-point  while  the  instrument  turns  or  is  moved 
forwards.  It  will  be  evident,  therefore,  that  each  station  in 
Fig.  251  is  a  turning-point.  As  shown  in  the  figure,  all  the 
turning-points  are  at  regular  stations,  except  the  one  be- 
tween Stations  4  and  5,  where  the  surface  of  the  ground 
rises  so  abruptly  that  it  becomes  necessary  to  take  a  turn- 
ing-point at  a  plus. 

The  first  sight  taken  each  time  after  the  instrument  is  set 
up,  upon  a  station  whose  elevation  is  either  known  or  as- 
sumed, is  called  a  backslstit ;  all  other  sights  are  called 
foreslslits.  A  foresight  is  always  taken  upon  each  turning- 
point,  to  determine  its  elevation  before  the  instrument  is 
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moved;  then,  after  the  instrument  is  moved  forwards,  a 
backsight  is  taken  upon  the  turning-point,  in  order  to  make 
the  line  of  levels  continuous. 

1 248.  The  best  method  of  keeping  field  level  notes  is 
what  is  known  as  the  method  by  belsht  of  instru- 
ment. The  field  notes  for  the  operations  shown  in  Fig.  251, 
as  kept  by  this  method,  are  given  in  Art.  1 247. 

It  will  be  noticed  that  Station  0  is  assumed  to  have  an 
elevation  of  100  feet,  and  that  all  the  stations  are  turning- 
points,  necessitating  that  the  height  of  instrument  be  found 
between  all  stations  or  stations  and  plusses.  These  values 
are  recorded  in  the  column  headed  H.  I.  (height  of  instru- 
ment) midway  between  the  stations  or  plusses,  on  either 
side  of  where  the  instrument  was  set  up.  The  figures  in 
this  column  give,  for  each  setting  of  the  instrument,  the 
height  of  the  cross-wires  above  the  datum  line.  This  is 
obtained  each  time  by  adding  the  backsight  to  the  eleva- 
tion of  the  station  at  which  the  rod  is  held  when  the  sight 


Station. 


Back- 
sight. 


Height  of 
Instru- 
ment. 


Foresight. 


Turning- 
Point. 


0 
1 
2 
3 


0.G8 


T.  P.  -f  50 
5 


11.80 


100.  G8 


Interme- 
diate. 


Elevation. 


112.32 


+  12.5-1: 

-    4.04 
+    8.50 


0.22 

3.82 

-4.04 


2.14 


7.68 


4.81 


11.5G 


100.00 
98.54 
93.00 
95.87 
89.12 
100.46 
108.50 
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is  taken.     The  elevation  of  the  succeeding  station  is  then  ob- 
tained by  subtracting  the  foresight  on  that  station  from  the 
height  of  instrument.     The  column  for  backsights  is,  ac- 
cordingly, marked  + ,  and  that  for  foresights  marked  —  ,     If 
we  adhere  strictly  to  the  significance 
of  the  signs  given  to  the  backsight 
and  foresight,  it  will  be  more  nearly 
correct  to  state  that  the  backsight 
is  added  algebraically  to  the  eleva- 
tion of  the  turning-point,  for  the 
height  of  instrument,  and  the  fore- 
sight is  added  algebraically  to  the 
height  of  instrument,  for  the  eleva- 
tion of  the  point  sighted.     The  al- 
gebraic  total   of   the   sum   of    the 
backsights  and  the  i^um  of  the  fore- 
sights, added   algebraically   to  the 
~  elevation   of    the   first   point,   will 
.  give  the  elevation  of  the  last  point. 
£  It   will  be  noticed  that,   with   this 
method,  the  backsight  and  the  fore- 
sight on  each  point  and  the  eleva- 
tion of  the   point  are   all   on   the 
same  line. 

The  accompanying  are  the  field 
notes  for  the  operation  shown  in 
Fig.  252,  as  kept  by  the  method 
of  height  of  instrument. 

The  form  shown  here  is  the  same 
as  the  preceding,  except  that,  since 
in  this  case  all  the  points  on  which 
sights  are  taken    are   not   turning 
points,    a    column    for   the    inter- 
mediate sights  (I.  S.)  and  headed  "Intermediate"  is  intro- 
duced for  the   foresights  on  intermediate  points,  in  order 
that   the  foresights   on   turning-points   may  be  added  for 
the  purpose  of  checking  the  operations.     All  sights  on  inter- 
mediate points  are  treated  as  foresights  and  have  negative 
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values  Only  those  sights  taken  back  on  turning-points, 
after  moving  and  setting  up  the  instrument,  are  considered 
as  backsights. 

1 249«  Fig.  253  is  a  sectional  view  of  a  plane  in  a  mine 
showing  the  various  positions  of  the  level  and  rod  by  which 
the  notes  following  were  obtained.  This  -form  of  notes 
is  convenient  where  the  distances  between  the  points  are 
not  required,  and  the  object  is  to  determine  the  difference 
in  elevation  between  two  points. 

The  level  is  set  up  at  the  foot  of  the  plane  and  the  rod 


FIO.  868. 

held  on  a  bench-mark  previously  established,  whose  elevation 
is  known  to  be  887.463  feet  (above  sea-level).  A  target-read- 
ing of  the  rod  is  taken  and  found  to  be  5.467  feet.  Being  the 
first  sight  of  the  survey,  it  is,  according  to  the  preceding 
definitions,  a  backsight^  and  is  recorded  in  the  B.  S.  column 
opposite  the  name  of  the  station  (B.  M.)  in  the  left-hand 
column.  At  the  same  time  a  description  of  the  B.  M.  is 
entered  opposite  to  it  in  the  **  Remarks  "  column.  The  rod- 
reading  (5.467  feet)  is  the  height  of  the  line  of  collimation 
(line  of  sight)  of  the  instrument  above  the  B.  M. ;  hence,  it 
must  be  added  to  the  elevation  of  the  latter  to  give  the 
height  of  instrument  (H.  I.).     Accordingly,  887.463  -f  5.467 
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=  892.930,  which  value  is 
written  in  the  column  head- 
ed H.  I.  and  opposite  B.  M. 
in  the  left-hand  column. 

It  being  necessary  to  run 
the  line  of  levels  up  tlie 
plane,  a  point  must  be  se- 
lected on  which  a  rod-read- 

• 

ing  can  be  taken,  both 
before  and  after  the  instru- 
ment is  moved  forwards. 
A  point  used  for  this  pur- 
pose is  a  turning-point; 
hence,  the  letters  T.  P.  are 
entered  below  B.  M.  in  the 
column  headed  ** Station." 
The  rodman,  having  se- 
lected a  T.  P.,  holds  the  rod 
on  it  and  moves  the  target 
as  directed  by  the  levelman, 
the  rod-reading  thus  found 
being  1.873  feet.  Accord- 
ing to  the  definitions,  this 
is  a  foresight,  and  is  entered 
in  the  column  headed  F.  S., 
and  opposite  the  T.  P.  in  the 
left-hand  column.  The  dis- 
tance, 1.873  feet,  shows 
that  the  point  on  which  the 
rod  was  held  is  1.873  feet 
below  the  line  of  collima- 
tion,  or  H.  I. ;  hence,  the 
elevation  of  the  T.  P.  is 
892.930  -  1.873  =  891.057 
ft.  Place  this  value  in  the 
column  headed  **  Eleva- 
tion," and  opposite  the  T.  P. 
in  the  left-hand  column. 
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The  level  is  now  removed  from  its  first  position  and  set 
up  on  the  plane,  at  such  a  height,  however,  as  not  to  look 
over  the  top  of  the  rod.  When  this  has  been  done,  the  rod 
(extended  to  its  full  length)  is  sighted  to  as  it  is  held  on  the 
same  object  as  before,  and  then,  when  the  target  is  properly 
lowered,  it  shows  a  height  of  8.591  feet.  As  this  is  the  first 
sight  after  the  setting  up  of  the  level,  it  must  be  a  backsight, 
according  to  the  definitions.  It  is  entered  in  the  notes  in 
the  column  headed  B.  S.,  and  opposite  the  T.  P.  in  the  left- 
hand  column.  The  reading  is  the  height  of  the  line  of 
collimation  above  the  T.  P. ;  hence,  it  must  be  added  to  the 
elevation  of  the  T.  P.  to  get  the  H.  I.,  891.057  +  8.591  = 
899.648,  which  is  written  opposite  T.  P.  in  the  H.  I.  column. 
The  rodman  now  goes  up  the  plane  and  selects  a  firm  point 
to  serve  as  another  T.  P.,  the  object  being  selected  at  such 
a  height  that,  when  the  rod  is  held  vertically  upon  it,  the 
horizontal  cross-hair  cuts  the  rod.  The  target  is  moved 
down  along  the  rod  until  it  is  properly  bisected  by  the  hori- 
zontal cross-hair.  The  foresight-reading  thus  obtained  is 
1.075  feet,  which  is  entered  in  the  F.  S.  column,  opposite 
T.  P.,  written  in  the  left-hand  column.  As  in  the  case  of 
the  previous  T.  P.,  H.  I.  minus  the  F.  S.  gives  the  elevation 
of  the  T.  P.  as  899.648  -  1.075  =  898.573  feet,  which  must 
be  entered  opposite  T.  P.  in  the  **  Elevation"  column. 

The  level  is  now  taken  up  the  plane  and  a  backsight  taken 
on  the  rod  held  on  the  last  T.  P.  The  rod-reading  is  8.807 
feet,  which  is  entered  in  the  B.  S.  column,  opposite  T.  P. 
The  H.  I.  is  found  as  before,  namely,  the  rod-reading'  is 
added  to  the  elevation  of  the  T.  P.  This  gives  898.573  + 
8.807  =  907.380  feet,  which  is  entered  in  the  H.  I.  column 
opposite  T.  P. 

The  rodman  now  goes  up  the  plane  and  holds  the  rod  on 
the  rail  under  Sta.  1257.  This  is  an  intermediate  sight,  and 
is  read  to  the  nearest  tenth  of  a  foot,  the  target  on  the  rod 
not  being  brought  into  service  for  the  purpose.  The 
reading,  3.3  feet,  is  entered  in  the  I.  S.  column,  and  opposite 
Sta.  1257,  written  in  the  left-hand  column.  The  entry  in 
the  **  Remarks  "  column  shows  that  the  rod  was  held  on  the 
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rail,  and  not,  as  is  often  done,  bottom  side  against  the 
station  in  the  roof. 

The  rodman  next  moves  farther  up  the  plane  and  selects 
another  turning-point.  Here  the  operations  are  precisely 
the  same  as  described  for  the  two  preceding  turning-points. 

Finally,  in  its  position  near  the  top  of  the  plane,  the  level 
is  sighted  to  the  rod  held  on  the  rail  at  the  top  of  the  plane 
or  knuckle.  The  reading  obtained  (2.316)  is  the  last  one  of 
the  survey ;  hence,  it  is  a  foresight,  and  is  entered  in  the 
F.  S.  column,  opposite  the  word  **  Rail,"  written  in  the  left- 
hand  column.  The  word  **  Rail  *'  is  further  explained  in  the 
**  Remarks  "  column. 

The  elevation  of  the  rail  at  the  top  of  the  plane  is  found 
to  be  912.643.  The  B.  M.  at  the  start  has  an  elevation  of 
887.463,  which  gives  a  difference  of  912.643-887.463  = 
25.180  feet. 

1250«  The  accuracy  of  the  calculations  is  checked  as 
follows:  Add  the  B.  S.  readings;  the  sum  is  31.321  feet. 
Next,  add  the  F.  S.  readings;  the  sum  is  6.141  feet.  Sub- 
tract the  lesser  from  the  greater,  and  the  difference  should 
be  the  same  as  the  difference  in  elevation  between  the  first 
and  the  last  point  of  the  survey.  Thus,  31.321  —  6.141  = 
25.180  feet,  the  same  as  the  difference  between  the  B.  M. 
and  rail  at  top  of  plane.  It  will  be  noticed  that  this 
would  not  be  the  case  if  the  foresight  column  also  contained 
the  intermediate  sights;  hence,  the  advantage  in  having  a 
separate  column  for  the  latter. 

The  accuracy  of  the  leveling  operations  themselves  can  be 
checked  only  by  repeating  the  work,  preferably  by  running 
down  the  plane  and  using  different  turning-points  from 
those  employed  when  running  up. 


PROFILES. 

1251*  A  profile  represents  a  vertical  section  of  a  line 
of  survey,  and  shows  in  an-  exaggerated  manner  all  abrupt 
changes  in  elevation,  by  using  a  small  scale  for  horizontal 
distances  as  compared  with  the  scale  used  for  vertical  dis- 
tances. 
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For  railroad  work,  a  horizontal  scale  of  400  ft.  =  1  in.  and 
a  vertical  scale  of  20  ft.  =  1  in.  are  commonly  used ;  while 
for  mining  work,  a  horizontal  scale  of  50  ft.  =  1  in.  or  100 
ft.  =  1  in.  and  a  vertical  scale  of  5  ft.  =  1  in,  are  quite  gen- 
erally employed. 

1252.  The  principal  use  of  a  profile  is  to  enable  the 
engineer  to  establish  a  srade  line,  or  a  line  showing  the 
relative  proportion  of  excavation  and  fill  in  the  complete 
work. 

PLATE  IV. 

1253.  This  plate  represents  a  plan  and  profile  of  a 
portion  of  a  straight  entry  10  feet  wide  in  a  mine  where  it 
is  desired  to  make  a  uniform  grade  between  Sta.  134  and  a 
point  25  feet  beyond  Sta.  186,  as  given  by  the  transit  sur- 
vey, and  a  minimum  height  of  6.6  feet  for  the  entry.  The 
plate  is  ruled  like  the  ordinary  ready-made  profile  paper 
which  is  purchased  by  the  ei^gineer. 

The  level  notes  in  Art.  1254  are  taken  between  Sta.  134 
and  a  point  25  feet  beyond  Sta.  186. 

The  student  should  notice  that  in  these  notes  the  horizon- 
tal distances  between  stations  are  recorded,  and  that  Sta.  0 
is  taken  as  the  B.  M.,  which  in  this  case  is  assumed  to  have 
an  elevation  of  30  feet  above  the  datum  line, 

1254.  For  convenience  and  accuracy  in  platting,  the 
stations  are  designated  as  in  transit  surveying — in  100-foot 
lengths.  Thus,  Sta.  3  and  Sta.  3  +  70  mean  that  these 
stations  are  300  feet  and  370  feet  from  Sta.  0,  respectively. 
In  profile  work  it  is  not  necessary  to  find  the  elevation  of  a 
T.  P.  unless  the  T.  P.  be  taken  on  the  line  of  survey  and  at 
an  abrupt  change  in  the  elevation  of  that  line,  in  which  case 
T.  P.  enclosed  in  parenthesis  should  be  placed  alongside  the 
station  number  in  the  column  of  stations.  Owing  to  falls 
of  the  roof  in  an  entry,  the  curvature  or  line  of  the  roof  is 
not  the  same  as  that  of  the  bottom,  necessitating  that 
measurements  be  taken  on  the  roof  as  well  as  on  the  bottom 
of  the  entry.     Measurements  taken  from  the  roof  are  inter- 
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mediate  sights,  and  are  recorded  in  the  I.  S.  column  with  a 
minus  sign  in  front   of  them.     This   method   enables   the 

LBVBL  NOTES  FOR  A  PROFILE. 


Station. 

B.  S.+ 

H.I. 

F.S.- 

• 

I.  S. 

Eleva- 
*tion. 

Remarks. 

(B.  M.)0 

1.378 

31.378 

• 

30.00 

B.  M.  is  di- 

0 

-5.1 

36.48 

rectly  under 

0  +  25 

3.7 

35.08 

Sta.  134,  in 

0+50 

3.3 

28.08 

Mine  No.  6. 

0+75 

-5.3 

36.68 

1 

5.9 

25.48 

1+25 

-6.1 

37.48 

T.  P. 

2.634 

28.976 

5.036 

• 

1  +  55 

3.0 

25.98 

1  +  55 

-4.0 

32.98 

(T.  P.)2 

1.754 

24.254 

6.476 

1.8 

22.50 

2  +  25 

-5.2 

29.45 

(T.  P.)  2  +  50 

1.827 

21.827 

4.254 

1.8 

20.00 

3 

5.8 

16.03 

3  +  15 

-  1.1 

22.93 

3  +  50 

6.3 

15.53 

3  +  70 

.6 

22. 43 

4 

-3.2 

25.03 

4  +  20 

2.9 

18.93 

4  +  60 

2.8 

19.03 

5 

-4.3 

26.13 

5 

1.7 

20.13 

6 

• 

1.3 

20.53 

6  +  25 

-5.2 

27.03 

(T.P.)6  +  50 

1.432 

20. 932 

2.327 

1.4 

19.53 

End,  25  ft. 

7 

-2.9 

23.83 

beyond  Sta. 

7  +  25 

> 

5. 400 

5.4 

15.53 

186. 

engineer  to  calculate  the  elevation  of  a  point  on  the  roof  in 
the  same  manner  as  he  determines  the  elevation  of  a  point 
on  the  bottom;  namely,  by  subtracting,  algebraically,  the 
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intermediate  sight  from  the  height  of  the  instrument.  Thus, 
the  elevation  of  Sta.  0  +  75  =  31.378  -  (  -  5.3)  =  36.678 
feet. 

1255.  It  is  a  good  idea  to  have  a  plan  of  the  work 
upon  the  same  sheet  of  paper  that  the  profile  is  on,  for  the 
purpose  of  comparison.  The  plan  should  be  made  to  the 
horizontal  scale  of  the  profile,  and  should  be  placed  directly 
over  it,  so  that  each  station  on  the  plan  can  be  projected 
from  the  corresponding  station  on  the  profile. 


DRA^WING  THB  PROFILB. 

1256.  First  assume  the  datum  line  neg.r  the  bottom  of 
the  sheet,  and,  starting  near  the  left-hand  end  of  this  line,  lay 
off  to  the  horizontal  scale  the  distances  given  in  the  **  Sta- 
tions" column.  Then,  from  the  o  point  on  the  datum  line, 
lay  off  vertically  and  to  the  vertical  scale  the  elevation  of 
Sta.  0,  which  is  30  feet.  This  fixes  the  point  a^  which  is,  in 
this  case,  the  B.  M.  The  figures  30  and  0  at  the  point  a 
represent  the  distances  the  point  is  from  the  datum  line  and 
Sta.  0,  respectively.  All  other  points  are  similarly  marked. 
It  will  be  seen,  according  to  the  notes,  that  a  minus  sign  is 
recorded  in  the  I.  S.  column  opposite  Sta.  0,  showing  that 
a  measurement  was  taken  from  the  roof  at  that  station. 
Hence,  we  lay  off  from  the  o  point  on  the  datum  line  the  dis- 
tance 3G.48  feet,  fixing  the  point  z  in  the  roof  at  Sta.  134  of 
the  transit  survey.  At  the  point  0  -|-  25  on  the  datum  line 
erect  a  perpendicular,  as  there  is  no  vertical  line  on  the 
paper  passing  through  this  point;  and  upon  this  line  lay  off 
the  distance  35.08  feet,  fixing  the  pointy  in  the  roof.  Join 
z y.  From  the  point  0  +  50  on  the  datum  line,  lay  off  ver- 
tically the  distance  28.08  feet,  fixing  the  point  b  in  the  bot- 
tom.* Join  rt;  b.  Again,  at  the  point  0+75  erect  a  perpen- 
dicular, and  layoff  upon  it  the  distance  36.68  feet,  fixing  the 
point  X  in  the  roof.  Join  y  x.  At  the  point  1  lay  off  the 
distance  25.48  feet,  fixing  the  point  c.  Join  be.  At 
the  point  1+25  erect  a  perpendicular  and  lay  off  upon  it 
the  distance  37.48  feet,  fixing  the  point  it\     Join  x  w. 
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We  now  come  to  a  T.  P.  in  the  notes,  whose  distance  from 
Sta.  0  is  not  recorded,  because  it  was  not  taken  at  any  abrupt 
change  of  elevation  along  the  entry,  being  used  simply  to 
determine  the  height  of  the  instrument  when  moved  for- 
wards. Passing  to  point  1  +  55,  erect  a  perpendicular  and 
lay  off  upon  it  the  distances  25.98  feet  and  32.98  feet,  fixing 
the  points  d  and  %\  respectively.  Join  c  d  and  w  v.  Sta.  2 
was  used  as  a  T.  P.,  and, therefore,  the  letters  T.  P.,  enclosed 
in  parenthesis,  are  placed  alongside  of  it.  At  the  point  2 
lay  off  the  distance  22.5  feet,  fixing  the  point  e.  Join  d  e. 
At  the  point  2  +  25  erect  a  perpendicular,  and  lay  off  upon  it 
the  distance  29.45  feet,  fixing  the  point  u.  Join  v  u.  At 
the  point  2  -j-  50  lay  off  the  distance  20  feet,  fixing  the  point 
/.     Join  ef. 

The  student  will  proceed  in  a  similar  manner,  laying  off 
vertically  from  the  remaining  points  on  the  datum  line  the 
corresponding  elevations,  until  the  point  ?i  is  reached.  By 
joining  a  ;/,  the  grade  line  is  established,  and  by  drawing 
another  line  6.5  feet  above  and  parallel  to  the  grade  line,  the 
top,  or  roof,  line  is  fixed.  It  now  becomes  evident  where 
**  filling,"  **  ripping  down  the  top,"  and  *Mifting  bottom" 
are  necessary.  The  auxiliary,  or  construction,  lines  should 
be  drawn  with  a  lead  pencil  and  finally  erased.  They  are 
shown  dotted  on  the  profile,  to  aid  the  student. 


METHOD      OF      CALCULATING      CUBICAL     CON- 
TENTS OF  FILLS,  CUTS,  ETC. 

1257.  In  Fig.  254  is  shown  a  profile  of  an  entry  in 
which  the  grade  and  the  roof  line  are  established.  From 
the  figure  it  is  evident  that  the  cubical  contents  of  the  fill 
is  equal  to  the  area  of  the  polygon  a  b  c  d  e^  multiplied  by 
the  width  of  the  entry,  which  we  will  assume  to  be  10  feet. 

In  order  to  find  the  area  of  the  polygon  ^  ^  ^  ^  ^,  it  is 
divided  into  triangles  and  trapezoids,  by  drawing  vertical 
lines,  if  necessary,  from  the  points  ^,  r,  d  to  the  grade  line. 
The  area  of  each  is  found  separately,  and  finally  all  are 
added  together.      The  lengths   of   the  lines   b  b\  c  c\   and 
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d  d'  are  found  by  measuring  them  upon  the  map.  The  dis- 
tances the  point  e  is  from  the  lines  d  d'  and  f  f  are  also 
found  by  measurement.  Whenever  it  is  necessary  to  meas- 
ure a  distance  between  two  points,  it  is  a  good  plan  to  con- 
nect the  points  with  a  straight  line,  if  they  are  not  already 
connected  by  a  line  on  the  map,  and  place  the  resulting 
measurement  upon  it. 

The  area  of  ^z*A'  =  1.9  X  ^f°  =  95   sq.  ft. ;   the  area  of 

bcc'  y=  ^'^  ']'  ^--  X  55  =  170.5  sq.  ft.;  thearfea  of  ^r^rf'r'= 

4.3 +  3j^  ^^  ^  182.25  sq.  ft. ;  the  area  of  rfrfV=  3.8  X~  = 
140.6  sq.  ft.     Hence,  the  area  of    the  polygon  abcdez=i 


Pig.  254. 

95  +  170.5  +  182.25  +  140. G  =  588.35  sq.  ft.,  and  the  cubical 
contents  of  the  611  =  588.35X10=5,883.5  cu.  ft.  In  a 
similar  manner,  we  divide  the  polygon  c  f  gh  into  the  tri- 
angles e  f  f^  and  g g'  h  and  the  trapezoid  fgg*/'*  The 
area  of  eff*  =  1.3  X  V  =  16.9  sq.  ft. ;  the  area  oifgg'f'^ 
1.3  +  3 


2 


X  50  =  107.5   sq.    ft. ;    the   area   of  ^  ^'  A  =  3  X 


i|o.  :^  j^5Q  sq.  ft.  Hence,  the  area  of  the  polygon  e  f  g h^=> 
16.9  +  107.5  +  150  =  274.4  sq.  ft.,  and  the  cubical  contents 
of  the  cut  =  274.4  X  10  =  2,744  cu.  ft.     The  area  of  ikk  = 
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3.8  X  H--  =  19^  sq.   ft. ;    the   area  of  kk'  «  =  3.8  X  ^  = 

118.18  sq.  ft.  Hence,  the  area  of  the  polygon  ik7i  = 
190+118.18  =  308.18  sq.  ft.,  and  the  cubical  contents  of 
the  cutting  =  308.18  X  10  =  3,081.8  cu.  ft. 


TOPOGRAPHICAL  SURVEYING. 


CONTOURS. 

1 268.  The  transit  survey  gives  merely  the  general  fig- 
ure and  the  area  of  the  ground  surveyed,  and  the  relative 
positions  of  certain  conspicuous  features  with  reference  to 
one  another.  It  frequently  is  necessary  to  make  a  more 
minute  and  careful  examination  of  the  ground,  and  by  means 
of  certain  observations  to  determine  accurately  the  accidents 
of  form  and  the  irregularities  of  the  surface.  In  placing 
upon  paper  the  results  of  such  observations  as  the  above, 
we  are  enabled  to  distinguish  the  hills  from  the  valleys,  the 
rivers  and  brooks  from  the  plains,  etc.  This  method  of 
surveying  is  called  toposraptilcal  surveyins:* 

In  addition  to  the  horizontal  measurements  which  are 
determined  in  the  progress  of  an  ordinary  transit  survey,  it 
is  necessary  and  essential  to  have  the  vertical  heights ;  these 
are  obtained  by  leveling. 

There  are  several  methods  of  representing  irregularities 
of  the  surface,  such  as  hills,  valleys,  etc.  The  principal 
method,  however,  is  one  in  which  a  system  of  curved  lines 
lying  within  horizontal  planes  is  used  to  represent  the  irreg- 
ularities of  the  surface ;  these  curved  lines  are  called  con- 
tours. 

It  will  be  necessary  to  have  a  clear  conception  of  the 
meaning  of  contours,  to  appreciate  how  the  irregularities  of 
the  surface  are  represented  by  them.  Suppose  the  accom- 
panying diagram  (Fig.  255)  to  represent  a  hill  having  a  series 
of  equidistant  horizontal  planes  passed  through  it.  The 
contours  will  be  the  horizontal  projections  of  the  intersec- 
tions of  these  planes  with  the  hill.     They  will  have  the  same 
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appearance  on  the  map  as  they  would  to  an  observer  directly 
above  the  hill  in  a  balloon.  Suppose  the  observer  to  be  in 
the  balloon,  and  the  hill  to  be  surrounded  at  its  base  by  a 
body  of  water.  The  line  which  this  water  makes  with  the 
base  of  the  hill  will  be  the  first  contour  line.  Conceive  the 
water  to  rise  up  around  the  hill  five  feet  at  a  time.     The 


Fig.  255. 


successive  contours  would  be  the  successive  water-lines 
around  the  hill. 

It  is  obvious  from  Fig.  255  that  these  contours  will  be 
nearer  together  or  farther  apart  as  the  ascent  of  the  hill  is 
steep  or  gentle. 

If  any  piece  of  ground  be  intersected  by  such  a  system  of 
equidistant  planes,  and  the  contours  thus  determined  be 
accurately  shown  on  paper,  the  map  will  furnish  a  very  cor- 
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rect  idea  of  the  irregularities  and  striking  characteristics  of 
the  ground. 

The  horizontal  plane  on  which  the  contours  are  projected, 
and  to  which  they  are  referred,  is  called  the  plane  of 
reference.  This  plane  may  be  assumed  in  any  position, 
and  the  distances  of  the  contours  above  or  below  it  are 
noted  on  them. 

It  is  best  to  assume  the  plane  of  reference  as  lower  than 
any  point  to  be  represented,  so  that  all  of  the  contours  will 
lie  above  it. 

The  vertical  distance  which  the  horizontal  planes  are 
apart  depends  entirely  upon  the  nature  of  the  ground  sur- 
veved.  In  mountainous  districts  the  contours  are  taken  100 
feet  apart;  in  the  U.  S.  Coast  Survey  they  are  20  feet  apart, 
and  for  ordinary  engineering  purposes  they  are  5  feet 
apart,  or  even  less. 

TO    DETERMINE    AND    REPRESENT    THE    CON- 
TOUR OF  A  SINGLE  HILL. 

1259.  Fig.  250  is  a  picture  of  a  hill  shown  in  elevation, 
or  as  it  would  appear  to  one  approaching  it  on  the  surface 
of  the  earth.  A  is  the  summit  of  the  hill,  and  such  obser- 
vations with  transit  and  level  are  required  as  are  necessary 
to  represent  it  on  paper  in  contour. 

To  proceed,  drive  a  stake  at  A^  and  directly  over  the  nail 
driven  in  its  center  set  up  the  transit.  From  A  measure 
any  line,  as  A  B^  down  the  hill,  using  the  telescope  to 
arrange  all  points  in  the  same  straight  line.  At  different 
points  of  the  line,  as  a,  b^  c,  d^  let  stakes  be  driven,  and  let 
the  horizontal  distances  (for  liorizontal  and  not  pitch  dis- 
tances are  required)  be  measured  by  a  chain,  utmost  care 
being  used  to  hold  the  chain  in  a  truly  horizontal  position. 
Of  course,  if  the  instrument  is  in  perfect  adjustment,  and 
has  a  vertical  circular  arc  attachment,  it  can  be  used  to  get 
the  angle  of  depression  of  the  lines  from  the  horizontal, 
and  the  horizontal  distances  can  be  calculated  from  the  pitch 
distances.  The  desirability  of  either  method  will  depend 
upon  the  particular  case  in  question. 
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The  degree  of  the 
irregularities  of  the 
surface,  and  the  accu- 
racy with  which  the 
work  is  to  be  shown, 
must  govern  the  dis- 
tances between  the 
stakes.  Their  differ- 
ences of  level  ought 
not  to  exceed  twice 
the  horizontal  dis- 
tances between  the 
horizontal  planes  of 
section. 

Having  arranged 
the  stakes  on  this  line, 
and  having  measured 
the  horizontal  dis- 
S  tances  between  them, 
S  let  any  number  of 
lines,  such  as  A  C, 
AD,  A R,  etc.,  be  run 
down  on  all  sides  of 
the  hill  in  exactly  the 
same  manner  as  in  the 
case  of  A  B,  and  let 
similar  stakes  be 
placed  on  each.  With 
the  transit,  find  the 
angular  distance  apart 
of  all  these  lines,  viz., 
angle  B  A  D  =  30°, 
BA  C=25°,  etc. 

Assume  a  datum 
line,  preferably  below 
the  lowest  point  on 
any  line,  and  proceed 
on  each  line  separately 
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to  find  the  heights  of  the  various  stakes  on  it  with  reference 
to  the  assumed  datum.  This  is  done  with  the  level  and 
rod,  the  same  principles  and  precautions  being  observed  as  in 
running  section  levels. 

The  data  now  obtained  are  sufficient,  not  only  to  determine 
the  intersections  of  the  horizontal  planes  with  the  surface  of 
the  hill — in  other  words,  the  contours — but  also  for  drawing 
such  contours  on  paper. 

PLATTING   THE    WORK. 
1 260.     Refer  to  Fig.  257.     Draw  on  the  surface  of  the 
paper  the  line  A  B,  and  from  it  lay  off  the  angles  BAD=z 


30°  and  BAC=  25°,  and  in  this  way  lay  off  around  the 
point  A,  the  summit  of  the  hill,  every  angle  made  by  every 
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line  with  A  B.  In  this  way,  every  line,  as  A  R^A  5,  etc., 
will  be  represented.  It  must  be  remembered  now  that  Fig. 
257  is  a  horizontal  projection  of  Fig.  256 ;  that  is,  it  repre- 
sents the  view  of  the  hill  an  observer  would  have  if  he  were 
vertically  above  -^  in  a  balloon. 

In  this  example,  it  will  be  necessary,  in  order  to  illustrate 
the  method  of  platting,  to  take  only  the  three  lines  A  B^ 
A  C,  and  A  Z>,  and  assume  certain  data,  and  then  proceed 
to  draw  the  contours  between  them. 

Line  A  B. 

Horizontal  Distances,  Heights  above  Datum. 

^  =  04  feet. 
Aa=4()  feet.  ^z  =  52  feet. 

ad  =  50  feet.  *  =  44  feet. 

ie  =  30  feet.  r  =  35  feet. 

cd  =  ^ij  feet.  df  =  24  feet. 

Line  A  C. 

A  =  (}4:  feet. 

A  e=2S  feet.  ^  =  53  feet. 

e/  =  45  feet.  /  =  44  feet. 

/g  =  55  feet.  .^  =  32  feet. 

gA  =  38  feet.  //  =  18  feet. 

Line  A  D. 

A  =  64:  feet. 

A  i  =  25  feet.  /  =  55  feet. 

il  =55  feet.  /  =  42  feet. 

/ ;;/  =  38  feet.  ;;/  =  35  feet. 

m  n  =  48  feet.  n  =21  feet. 

Assume  the  contours  to  be  placed  vertically  8  feet  apart. 
In  this  case,  the  summit  A  will  be  in  the  eighth  contour, 
counting  from  the  datum.  A,  being  the  actual  summit,  or 
highest  point,  will  be  represented  as  a  point.  The  differ- 
ence in  elevation  between  A  and  a  is  12  feet,  and  as  the  con- 
tours are  to  be  only  8  feet  apart,  the  seventh  contour  plane 
must  intersect  the  line  A  B  between  A  and  ^,  the  first  stake. 
If  the  descent  between  A  and  a  is  assumed  as  uniform  (and 
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in  so  doing  no  appreciable  error  is  introduced  for  such  short 
distances),  the  following  proportion  is  applied : 

/  The  difference  of  ^       (  The  hor.  \       r  \       f  The  hor.  dist.  from  \ 

i     level  between     v  :  -j  distance  V  =  ^  8  f t.  >•  :  <  >4  to  the  seventh    v 
(  A  and  a         )       (      A  a      )       (  )       (       contour  line.       ) 

12  :  40  =  8  :  ^  ^. 

40  X  8 
Whence,  horizontal  distance  A  o  =  — — —  =  2G.66  +  feet. 

This  distance  is  now  laid  off  on  the  line  A  B  equal  to  A  o. 
In  like  manner,  the  points  at  which  this  contour  intersects 
the  other  lines  A  CyA  D^  etc.,  are  determined,  and  the  dis- 
tances from  A  to  those  points  o^^  o^,  ^„  etc.,  are  laid  off  to 
scale  on  the  lines  A  C,  A  D,  A  AT,  etc.  The  curved  line 
passing  through  the  points  thus  determined  represents  the 
seventh  contour  above  the  plane  of  reference.  The  other 
contours,  sixth,  fifth,  fourth,  etc.,  are  determined  and 
drawn  in  exactly  the  same  way. 

The  points  on  the  lines  A  B^  A  C,  A  D,  etc.,  through 
which  the  sixth  contour  is  to  pass,  are  found  as  follows: 
This  contour  must  be  8  feet  vertically  below  the  seventh 
contour.  The  point  o  on  the  line  A  B  \s  4:  feet  vertically 
above  a,  and  the  sixth  contour  must  cross  A  B  4c  feet  ver- 
tically below  a.  The  point  of  crossing  on  the  line  A  B  i% 
found  by  the  following  proportion : 

The  diff.   \       i      The      \       (  \       ( The  hor.  dist.  from  \ 

of  level  of  >  :  ■<  hor.  dist.  [■  =  ■]  4  feet  |-  :  •<  «  to  the  sixth  con-  |- 

a  and  d    )       \        ad       )       (  )       (  tour  line.  ) 

Whence,  8  :  50  4  :  =  ^/  =  25  feet, 

and  so  may  the  distances  br^c s^  etc.,  be  found. 

The  curved  line  passing  through  the  points  thus  found 
represents  the  sixth  contour.  And  similarly  any  number 
of  contours  can  be  drawn.  The  plane  of  reference,  or 
datum  level,  is  24  feet  below  the  third  contour  shown  in  the 
figure. 

1261.  A  profile.  Fig.  258,  along  any  line,  as  ^  ^,  can 
be  platted  in  accordance  with  rules  already  given.  Thus, 
using  a  scale  of  20  feet  to  the  inch  for  heights  above  datum. 
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and  100  feet  to  the  inch  for  horizontal  measurements,  the 


S»  Contour. 


Pig.  258. 

irregularities  are  exaggerated  and  appear  to  better,  advan- 
tage  to  the  student  or  engineer. 

HOW    TO     DETERMINE     AND     REPRESENT     ON 
PAPER  THE  CONTOURS  OF  ANY  IRREGU- 
LAR   PIECE    OF    GROUND. 

1262.     With  a  transit  or  level,,  range  a  line  of  stakes 
A,  B,  Cy  D,  E,  etc.,  Fig.  259,  along  one  side  or  through  the 

middle  of  the  ground  to  be 

iti^r        lif  1^, ^x         «..  surveyed,  placing  the  stakes 

at  convenient  distances 
apart,  say  100  feet.  These 
stakes  Ay  B,  C,  Z>,  Ey  etc., 
should  be  marked  with  red 
chalk  or  by  any  other  char- 
^^  acteristic  mark.  The  transit 
or  level  is  now  used  to  range 
in  a  line  of  stakes  from 
each  of'  these  points,  as 
from  -^,  the  line  a^y  a,,  a„  a^y 

etc.,  and  similarly  from  -ff, 
Fig.  259. 
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Cy  Dy  E,     The  ground  is  now  divided  into  squares  of  100 
feet. 

FICLD  NOTB8. 


Benches. 

4-  Sights. 

Height 
of  Inst. 

-  Sights. 

Stations. 

Heights. 

B.  M. 

4.136 

12.142 

8.006 

12.100 

^. 

0.000 

1.900 

< 

10.200 

t^t 

11.906 

22. 441 

1.607 

^t 

10.535 

^ 

6.000 

e. 

16.400 

6.900 

^t 

15.500 

6.800 

< 

15.600 

1.900 

< 

20. 500 

3.700 

^. 

18.700 

6.800 

K 

15.600 

1.700 

^4 

20. 700 

K 

11.914 

33.448 

0.907 

K 

21.534 

8.000 

e 

25.400 

4.000 

K 

29.400 

4.100 

d 

29. 300 

1.900 

^x 

31.500 

5.000 

«. 

28.400 

• 

9.900 

^A 

23.500 

1.700 

< 

31.700 

1.100 

''. 

32. 300 

0.100 

«, 

33.300 

c 

11.813 

45.225 

0.036 

c 

33.412 

4.800 

K 

40.400 

2.600 

b 

42. 600 

'^x 

8.925 

• 

52.6G9 

1.481 

^, 

43.744 

• 

3. 200 

a 

49. 500 

Proceed  thus:  Set  up  the  level,  and  take  a  reading  on 
some  bench-mark  whose  height  above  some  plane  of  refer- 
ence has  been  previously  determined.  Then  take  readings 
on  the  prominent  stakes  immediately  around  the  instru- 
ment.     Go  beyond  these  stakes,  set  up  the  instrument  in  a 
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new  position,  and  sight  to  one  of  these  known  stakes  as  a 
turning-point,  reading  the  rod  placed  upon  it  to  thousandths, 
and  get  the  heights  of  all  other  stakes  now  in  sight  as 
before.  Then  go  beyond  these  again,  and  so  on,  until  the 
heights  of  all  the  stakes  have  been  determined. 

In  the  above  example,  e^  is  the  lowest  point.  The  instru- 
ment is  set  up  in  any  convenient  place,  and  a  reading  is 
taken  upon  a  bench-mark  whose  height  above  some  datum 
has  been  previously  determined  to  be  8.00G  feet.  This 
reading  is  4.136  feet,  and  is  recorded  in  the  notes  as  a  plus 
sight.  The  height  of  the  instrument  is  then  8. 006  -f  4. 136  = 
12.142  feet. 

Readings  of  the  rod  are  now  taken  from  this  position  upon 
the  stakes  at  i\,  d^,  r„  reading  r,  to  thousandths,  because  it 
is  to  be  used  as  a  turning-point.  The  level  is  now  removed 
to  a  new  position,  and  the  rod  read  upon  r,  to  thousandths. 
This  reading  is  11.906  feet,  and  is  recorded  as  a  plus  sight. 
The  height  of  instrument  is,  therefore,  10.535 -|- 11.906  = 
22.441  feet.  From  this  position  read  as  many  stakes  as 
possible,  and  then  use  b^  as  a  turning-point,  and  so  on. 
The  notes  give  all  the  necessary  data  for  constructing  the 
contours. 

1263.  In  order  to  plat  the  work,  lay  off  on  paper, 
preferably  engineers*  cross-section  paper,  the  lines  of  stakes 
to  a  scale  of  say  100  feet  to  the  inch.  Then,  each  100-foot 
square  on  the  ground  will  be  represented  by  a  square  inch 
on  paper.  At  each  stake,  carefully  mark  out  on  the  plat  its 
height  above  the  plane  of  reference. 

It  is  required  now  to  construct  the  contours,  supposing 
them  5  feet  apart,  having  obtained  the  heights  of  all  the 
stakes  above  the  datum,  etc. 

Taking,  for  example,  the  contour  whose  height  is  45  feet, 
it  is  plainly  seen  it  must  fall  between  A  and  i?.  Fig.  260, 
whose  heights  are  respectively  49.5  feet  and  42.6  feet.  Its 
distance  from  A  will  be  found  by  proportion,  as  shown  be- 
fore in  regard  to  the  hill. 
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The  diff.  j  (  The  diff.  in  j  (  The  j  /  Th. 
in  height  of  j-  :  J  height  of  v/  -  =  ■!  diat.from  j-  :  <  fron 
A  and  S    )      '  and  the  c( 


"Whence,  (49.5  -  i-i.fij  :  (49.5  -  45)  =  100  ft.  :  05.22  ft.  = 
1  in.  :  .0522  in.,  the  scale  being  100  feet  to  the  inch.  Then, 
since  each  space  in  the  plat  is  10  feet,  or  0.1  inch,  we  mark 


off  between  .-land  i'0.5  of  the  small  divisions.  Between 
A  and  J,  (49.5  -  43.7)  :  (4D.5  -  45)  =  1  :  .7758  inch,  near- 
ly 7. 8  divisions.  And  so  we  may  find  where  each  contour 
intersects  the  sides  of  the  rectangles.  The  curved  lines 
passing  through  the  points  of  intersection  thus  determined 
are  the  contours. 
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GENERAL     PLAN     OF     A     BITUMINOUS 

MINE. 


PLATE  ir. 

1 264«  This  plate,  which  consists  of  a  general  plan  of 
the  inside  workings  and  the  surface  arrangements  of  a 
bituminous  mine,  is  given  for  the  double  purpose  of  afford- 
ing the  student  practice  in  the  principles  already  learned, 
and  enabling  him  to  get  a  clear  idea  of  how  the  mining 
engineer  completes  his  survey  for  presentation  to  the  com- 
pany or  to  any  of  its  officials  requiring  information  regard- 
ing any  point,  such  as  the  stage  of  development  of  the  mine, 
the  methods  of  working  the.  mine,  the  exact  location  of  cer- 
tain entries  or  rooms  with  reference  to  the  property  or  crop 
lines,  etc. 

1 266.  It  requires  a  great  many  notes  to  make  a  map 
of  a  mine  and  of  the  surface  arrangements;  but,  in  order  to 
obviate  this  difficulty,  and  at  the  same  time  accomplish  the 
above  purposes,  great  regularity  is  assumed  for  the  inside 
workings,  so  that  after  the  student  has  platted  a  portion  of 
the  work  he  can  duplicate  it  in  such  a  way  as  will  give  the 
complete  map  the  same  appearance  as  if  every  part  had  its 
own  special  notes.  Further,  it  is  assumed  that  the  mine  has 
been  operated  for  some  time  and  that  all  the  workings  have 
been  systematically  laid  out  with  the  transit.  That  portion 
of  the  mine  which  has  been  worked  out  before  this  survey  is 
shown  on  the  map  by  cross-lines. 

1266.  Before  making  the  survey,  the  engineer  de- 
termines a  true  meridian  in  some  convenient  place,  as  de- 
scribed in  Part  1,  Arts.  11 18  to  1 120,  inclusive.  If,  how- 
ever, it  is  not  the  proper  time  to  determine  a  true  meridian 
and  the  work  must  be  done  immediately,  any  line  may  be 
laid  out  and  taken  as  the  base  line  of  the  survey  until  such 
time  as  the  true  meridian  is  fixed,  when  the  entire  survey 
can  be  made  to  conform  to  it  as  explained  before. 

In  general,  the  surface  survey  should  be  re-run  by  the 
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engineer,  so  as  to  fix  definitely  the  property  lines,  and  to  be 
sure  all  is  right.  This  he  does  by  obtaining  a  copy  of  the 
original  survey  as  recorded  on  the  deed.  The  surface  sur- 
vey is  based  on  the  same  meridian  as  the  mine  survey. 

1267.  The  crop  line  is  run  for  the  purpose  of  showing, 
when  placed  on  the  map,  the  probable  area  underlaid  with 
coal,  the  relative  position  of  the  workings  with  respect  to 
the  main  body  of  coal,  and,  in  a  measure,  the  topography 
of  the  property.  When  an  extensive  plant' is  to  be  erectfed, 
a  number  of  contour  lines  should  be  run  and  placed  on  a 
map,  to  enable  the  engineer  to  locate  the  buildings  to  the 
best  advantage.  

DRA^VING    THB   PL.ATB. 

1 268.  Two  methods  of  platting  the  courses  will  be  used 
in  drawing  this  plate,  so  as  to  familiarize  the  student  with 
both  and  enable  him  to  judge  which  method  will  be  the 
more  suitable  for  any  work  which  he  may  be  called  upon  to 
do.  Frequently,  however,  it  is  advantageous  to  use  both 
while  making  a  map.  Thus,  all  the  main  courses,  such  as 
those  giving  the  direction  and  location  of  the  entries  or 
gangways,  should  be  platted  by  total  latitude  and  total 
departure,  while  the  less  important  courses,  as  those  fixing 
the  position  of  the  rooms,  can  be  platted  by  means  of  the 
protractor.  Owing  to  the  ease  and  rapidity  with  which  the 
work  can  be  done  with  a  protractor,  many  engineers  use  it 
entirely.  The  student  will  plat  the  notes  for  the  mine  and 
the  surface  arrangements  with  the  protractor.  All  work 
should  be  first  drawn  with  a  hard,  sharp  lead-pencil  and 
finally  inked  in  with  a  drawing  pen. 

The  mine  should  be  platted  first.  By  looking  over  the 
notes  of  the  surface  arrangements,  it  will  be  seen  how  Sta. 
100,  which  is  at  the  drift  mouth,  is  connected  to  the  merid- 
ian, or  base  line.  Draw  the  meridian  line  in  the  proper 
relative  position  on  the  paper,  and  take  Sta.  0  at  such  a 
point  on  this  line  that  when  the  work  is  completed  it  will 
have  the  proper  position  on  the  map.  In  this  case,  the  stu- 
dent  can   be   guided   by  the  map  which  he  is  required  to 


30 


MINE  SURVEYING  AND  MAPPING. 


§10 


duplicate.  In  ordinary  work,  the  only  guide  to  determine 
the  location  of  the  point  at  which  the  platting  should  begin 
is  a  careful  examination  of  the  notes. 

At  Sta.  0  draw  a  line  making  an  angle  of  OT'^  38'  with  the 
base  line,  remembering  that  the  azimuth  is  always  measured 
in  a  clockwise  direction,  and  determine  a  point  on  this  line 
538  feet  from  Sta.  0.  From  this  point,  draw  a  line  making 
an  angle  of  73°  51'  with  the  base  line.*     This  may  be  done 

TRANSIT  NOTBS. 


Stations. 

Azimuths. 

Bearings. 

Dis-   ; 
tances. 

Remarks. 

100-101 

25^08' 

N  25°  06'  E 

208 

Sta.  100  is 

101-102 

25°  OS' 

N  25°  07'  E  ; 

220 

at  the  drift 

102-103 

25°  08' 

N  25°  05'  E 

312 

mouth. 

103-104 

25°  08' 

N  25°  06'  E  ' 

180 

104-105 

346°  50' 

N  13°  08'  \V  . 

53 

104-106 

25°  08' 

N  25°  08'  E 

140 

105-107 

25°  08' 

N  25°0T'E  , 

40 

105-108 

205°  08' 

S  25°  08'  W 

100 

108  109 

205°  08' 

S  25°06'W 

216 

109-110 

205°  08' 

S  25°03'W 

180 

110-111 

205°  08' 

S  25°05'W 

144 

Ill-drift  mouth 

205°  08' 

s  25°orw 

200 

106-112 

115°  08' 

S   64°52'E 

30 

112-113 

25°  08' 

N  25°  06'  E 

32 

112-face 

205°  08'  1  S  25°  08'  W 

808 

112-114 

115°  08'  1  S  64°  50'  E 

42 

• 

by  laying  off  the  angle  at  Sta.  0  and  transferring  the 
course  to  the  required  point  by  means  of  the  parallel  ruler, 
or  the  line  may  be  laid  off  directly  from  its  point  of  be- 
ginning by  means  of  the  T  square  and  protractor.  Lay  off 
on  this  line  a  distance  of  172  feet,  fixing  Sta.  100. 

*  For  the  sake  of  brevity,  let  it  be  understood  hereafter,  when  a  line 
is  drawn  making  a  certain  angle,  that  the  angle  meant  is  the  one 
formed  by  the  line  and  the  base  line. 
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Now,  noticing  the  transit  notes  of  the  mine  survey,  it  will 
be  observed  that  Stas.  100,  101,  102, 103,  and  104  are  on  the 
same  straight  line,  which  has  an  azimuth  course  of  25°  08'. 
Hence,  by  drawing  a  line  from  Sta.  100  making  an  angle  of 
25°  08',  and  laying  off  along  this  line  a  distance  of  208  feet, 
a  distance  beyond  this  of  220  feet,  a  distance  beyond  this  of 
312  feet,  and  a  distance  beyond  this  again  of  180  feet,  Stas. 
101,  102,  103,  and  104,  respectively,  are  located. 

At  Sta.  104  draw  a  line  making  an  angle  of  346°  50',  and 
lay  off  on  this  line  a  distance  of  53  feet,  locating  Sta.  105. 
Also  draw  another  line  from  this  station  making  an  angle  of 
25°  08',  and  lay  off  a  distance  of  140  feet,  locating  Sta.  106. 
At  Sta.  105  draw  a  line  making  an  angle  of  25°  08',  and  lay 
off  the  distance  40  feet,  locating  Sta.  107 ;  also,  draw  a  line 
from  this  station  making  an  angle  of  205°  08',  and  lay  off  on 
this  line  a  distance  of  190  feet,  a  distance  beyond  this  of  216 
feet,  a  distance  beyond  this  of  180  feet,  a  distance  beyond 
this  of  144  feet,  and  a  distance  beyond  this  again  of  200  feet, 
locating  Stas.  108,  109,  110,  and  111,  and  the  drift  mouth, 
respectively.  At  Sta.  106  draw  a  line  making  an  angle  of 
115°  08',  and  lay  off  a  distance  of  30  feet,  locating  Sta.  112. 
At  Sta.  112  draw  a  line  making  an  angle  of  25°  08',  and  lay 
off  a  distance  of  32  feet,  locating  Sta.  113.  This  is  about  as 
far  as  the  transit  notes  are  given,  but  the  student  will  draw  a 
line  from  Sta.  112,  making  an  angle  of  115°  08',  and  lay  off 
distances  42  feet  apart,  locating  all  the  stations  between  Stas. 
112  and  132.  See  side  notes  for  butt  entries.  At  each  of 
these  stations  draw  a  line  making  an  angle  of  205°  08',  and  lay 
off  on  each  line  the  corresponding  distance  shown  at  the  face 
of  each  room  in  the  side  notes.  This  will  fix  the  end,  or 
working  face,  of  each  of  the  rooms  in  the  third  right  head- 
ing. Similarly,  draw  a  line  from  Sta.  113  making  an  angle 
of  115°  08',  and  lay  off  distances  42  feet  apart,  locating  all 
stations  between  Stas.  113  and  151.  See  side  notes  for 
butt  entries.  At  each  of  these  stations  draw  a  line  making 
an  angle  of  25°  08',  and  lay  off  on  each  of  these  lines  the 
corresponding  distance  given  at  the  face  of  the  working 
places  in  the  fourth  right  heading. 
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It  will  now  be  convenient  for  our  purpose  to  plat  the  side 
notes.  This,  however,  is  not  done  in  practice  until  all  the 
transit  notes  have  been  platted.     Starting  at  Sta.  100,   it 

will  be  observed  in  the  side  notes 
for  the  main  entries  that  rights  and 
lefts  were  taken  at  a  distance  of 
28  feet  from  Sta.  100.  Lay  off 
from  Sta.  100,  28  feet,  and  at  this 
point  measure  5  feet  to  the  right 
and  5  feet  to  the  left,  fixing  a  point 
on  each  side  at  the  beginning  of 
the  drift.  At  a  distance  of  68  feet 
from  Sta.  100  fix  a  point  5  feet  to 

Ov«rca«t  \    j     '**     ■* 


s-er-e 


a  ©-.ffcz-r 


Tso-ee 


Drift  AToMtH. 

Qoo) 


Side  Notes  for  Main  Entries. 


the  right  and  another  point  5  feet  to  the  left.  Join  the 
two  right-hand  points  and  the  two  left-hand  points  with  a 
free-hand  line  drawn  as  straight  as  possible.     No  attempt 
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should  be  made  to  show  the  timbers  or  slight  irregularities 
of  the  sides. 

At  a  distance  of  173  feet  from  Sta.  100  there  is  a  cross- 
cut, or  **  breakthrough,"  which  is  9  feet  wide.  At  this 
point  a  distance  of  4  feet  to  the  right  determines  a  point  at 
the  side  of  the  heading,  and  a  distance  of  6  feet  to  the  left 
determines  a  point  at  the  middle  of  the  cross-cut,  and  by 
laying  off  4^^  feet  on  either  side  of  this  point  the  inside  and 
the  outside  corner  of  the  cross-cut  are  located.  The  point 
to  the  right  is  joined  to  the  one  just  back  of  it  and  on  the 
right,  and  the  outside  corner  of  the  cross-cut  is  joined  to 
the  point  just  back  of  it  and  on  the  left.  At  Sta.  101, 
which  is  208  feet  from  Sta.  100,  and  where  rights  and  lefts 
were  taken,  determine  a  point  4  feet  to  the  right  and  join 
it  to  the  point  on  the  right  just  back  of  it,  and  one  6  feet  to 
the  left,  which  is  joined  to  the  inside  corner  of  the  cros3-cut 
to  the  left.  In  a  similar  manner,  the  student  will  follow  up 
the  lines  run  by  the  transit,  and  fix  points  as  given  by  the 
side  notes.  Each  point  should  be  joined  to  the  one  imme- 
diately back  of  it  as  soon  as  it  is  determined,  so  as  to  avoid 
confusion  and  mistakes. 

After  platting  all  the  side  notes  given,  the  student  will 
proceed  to  duplicate  the  notes  for  third  and  fourth  right  on 
the  left  of  the  main  headings,  by  considering  Sta.  113  placed 
directly  to  the  left  of  Sta.  107  and  30  feet  from  it,  just  as 
Sta.  112  is  directly  to  the  right  of  Sta.  106  and  30  feet  from 
it.  This  will  make  Sta.  112  correspond  to  Sta.  153,  as 
shown  on  the  map.  When  -this  is  finished,  the  student  will 
consider  Sta.  102  as  Sta.  100,  and  reproduce  the  work  beyond 
Sta.  lOG  just  as  it  has  been  produced  beyond  Sta.  102,  with 
the  exception  that  while  platting  the  headings  and  rooms 
to  the  right  and  left  he  will  consider  Stas.  121  and  140  to 
correspond  to  Stas.  199  and  200,  respectively.  This  will 
diminish  the  number  of  working  places  at  this  part  of  the 
mine.  When  this  is  completed,  the  student  will  continue 
the  main  headings  for  536  feet  from  Stas.  193  and  194, 
making  cross-cuts  9  feet  wide  and  at  intervals  of  90  feet. 
The  pillars  on  the  right  and  left  of  that  portion  of  the  main 
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headings  which  run  through  the  worked-out  territory  are 
each  18  feet  wide.  A  margin  of  CO  feet  must  be  left 
between  the  worked-out  territory  and  the  crop  or  property 
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lines.  The  inside  boundary  of  the  worked-out  territory  to 
the  right  is  at  right  angles  to  the  main  headings  and  290 
feet  beyond  Sta.  103.  The  inside  boundary  of  that  on  the 
left  is  also  at  right  angles  to  the  main  headings  and  290  feet 
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beyond  Sta.  110.  Cross-line  the  worked-out  portion,  as 
shown  on  the  map.  In  practice,  the  worked-out  portions 
of  a  mine  are  usually  shown  on  the  map  by  a  special  color. 

The  next  step  is  to  plat  the  surface  survey  by  means  of 
total  latitude  and  departure.  To  do  this,  it  is  convenient 
to  divide  the  map  into  5-inch  squares  (10-inch  squares  would 
be  used  when  the  scale  is  100'  =  1^)  by  drawing  vertical  lines 
5  inches  apart  and  horizontal  lines  also  5  inches  apart  on  the 
paper.  The  lines  should  be  so  drawn  that  a  vertical  and  a 
horizontal  line  will  pass  through  that  station  to  which  the 
total  latitudes  and  departures  refer. 

By  examining  the  notes  for  the  surface  arrangements,  it 
will  be  seen  that,  by  laying  off  from  Sta.  0  a  distance  of 
540  feet  on  a  line  making  an  angle  of  201°  48'  with  the  base 
line,  Sta.  A  of  the  surface  survey  will  be  located.  From 
this  point  the  survey  is  platted  as  described  in  Part  1,  Arts. 
1 162  and  1 1  63,  and  according  to  the  notes  here  given. 

To  plat  the  crop  line,  lay  off  a  distance  of  748  feet  from 
B  towards  C  on  the  line  B  C  oi  the  surface  survey,  locating 
Sta.  1  of  the  crop  line.  At  Sta.  1  draw  a  line  making  an 
angle  of  111°  55'  with  the  original  base  line,  and  lay  off  the 
distance  178  feet,  locating  Sta.  2.  Proceed  in  a  similar 
manner  until  Sta.  12  is  reached.  Sta.  13  is  located  by  lay- 
ing off  498  feet  from  C  towards  D  on  the  line  C  D  oi  the 
surface  survey.  At  Sta.  13  draw  a  line  making  an  angle  of 
58°  13'  with  the  original  base  line,  and  lay  off  298  feet,  loca- 
ting Sta.  14.  In  like  manner  the  student  will  continue  the 
work  to  Sta.  17,  where  the  crop  line  ends. 

It  remains  to  plat  the  notes  for  the  surface  arrangements. 
By  examining  these  notes,  it  will  be  readily  seen  that  the 
buildings  or  other  objects  are  located  either  by  taking  rights 
and  lefts  from  some  established  line,  or  by  sighting  to  them 
with  the  transit  from  some  established  station  and  meas- 
uring the  distances  over  the  lines  of  sight  to  them.  The 
road  to  the  mine  and  the  car-tracks  to  the  lumber-yard  and 
the  rock-dump  are  located  by  running  a  line  with  the  transit 
along  the  middle  of  them,  establishing  stations  at  the  promi- 
nent curves  only. 
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The  railroad -tracks  are  located  by  taking  distances  to  the 
right  from  a  line  passing  through  Sta.  B  of  the  surface  sur- 
vey and  making  an  angle  of  90°  with  the  original  base  line, 
and  the  creek  is  located  by  taking  rights  and  lefts  from  a 
line  drawn  from  Sta.  A  to  Sta.  L. 

From  what  has  been  given,  it  will  not  be  necessary  to  ex- 
plain in  detail  every  step  required  to  plat  these  notes.     The 
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Stations. 

Azimuths. 

Distances. 

1 

111° 

55' 

178 

2 

122° 

53' 

186 

3 

90° 

18' 

192 

4 

131° 

53' 

164 

5 

109° 

51' 

166 

G 

127° 

40' 

84 

93° 

58' 

182 

8 

110° 

11' 

314 

9 

98° 

55' 

364 

10 

65° 

15' 

142 

11-12 

80° 

50' 

250 

13 

58° 

13' 

298 

14 

38° 

42' 

392 

15 

334° 

08' 

268 

lG-17 

355° 

37' 

357 

Remarks. 


Sta.  1  is  on  the 
line  B  C  of  sur- 
face survev  and 
748  feet  from  B. 


End. 

Sta.  13  is  on 
line  C  D  oi  sur- 
face survey  and 
498  feet  from  C, 


student  will  first  start  at  Sta.  100  and  locate  all  buildings 
and  tracks  which  are  to  be  located  from  this  station,  as  in- 
dicated by  the  notes.  Then  he  will  locate  the  railroad- 
tracks,  etc.,  from  the  east  and  west  line  passing  through 
Sta.  B,  and  finally  locate  the  creek  by  taking  rights  and 
lefts  from  a  line  passing  through  Stas.  A  and  L,  all  as  in- 
dicated by  the  notes.  The  direction  and  length  of  any 
course  is  either  placed  at  its  end  or  written  along  it,  so  as  to 
read  in  the  same  direction  as  the  course  was  run. 
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Notes  for  Surface  Arrangements. 
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METALLIFEROUS  MINE  SURVEYING. 

1269.  The  methods  of  locating  mining  claims  are 
usually  crude,  except  where  an  official  survey  is  made  under 
the  direction  of  the  U.  S.  Surveyor-General.  The  dimensions 
of  a  claim,  as  allowed  in  the  U.  S.  Mineral  Laws,  are  1,500 
feet  in  the  direction,  or  on  the  strike,  of  the  vein,  and  300 
feet  on  each  side  of  the  middle  of  the  vein  at  the  surface. 

Generally,  in  the  prospector's  location  of  his  claim,  the 
line  of  strike  is  not  accurately  determined,  and,  consequently, 
both  the  direction  and  the  dimensions  of  the  claim  are  only 
approximate.  However,  provided  no  trespass  is  committed, 
he  is  allowed  to  swing  his  claim  around  into  its  proper  posi- 
tion after  the  strike  has  been  definitely  determined.  The 
law  provides  that  the  end  lines  shall  be  parallel,  which  makes 
the  claim  essentially  a  parallelogram.  The  side  lines  of  the 
claim  may  be  straight  lines  extending  between  the  ends  of 
the  opposite  end  lines,  or  they  may  be  broken  lines  to  in- 
clude the  vein,  if  it  should  be  curved,  so  as  to  pass  outside 
the  straight  side  lines.  In  any  case,  only  1,500  feet  of  the 
vein  can  be  taken,  measured  along  the  center  line  of  the 
claim.  The  above  are  the  essential  features  which  govern 
the  shape  and  extent  of  a  mining  claim. 

1270.  The  law  requires  that  10  feet  of  the  vein  shall  be 
exposed  before  the  location  of  the  claim  is  undertaken  by  the 
prospector.  After  the  discoverer  has  sunk  his  shaft  10  feet, 
he  then  has  his  claim  surveyed  and  the  survey  recorded. 
Before  the  survey  is  made,  he  decides  how  much  of  1,500  feet 
he  will  extend  his  claim  on  either  side  of  his  discovery  shaft. 
Various  local  conditions  govern  him  in  this,  such  as  trespass, 
the  nature  of  the  lode,  etc.  The  survey  is  begun  by  ranging 
off  a  center  line  along  the  strike  of  the  lode,  and  then 
measuring  from  the  discovery  shaft  in  each  direction  as 
much  of  the  1,500  feet  as  has  been  decided  upon.  Through 
the  ends  of  this  center  line  the  end  lines  arc  ranged  out, 
usually  at  right  angles  to  it,  and  half  the  width  of  the 
claim,  or  150  feet,  is  measured  on  each  side  of  the  center  line. 
The  location  must  then  be  distinctly  marked  on  the  ground, 
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so  that  its  boundaries  can  readily  be  traced.  Permanent 
monuments  must  be  placed  at  the  four  corners,  and  also  on 
the  side  lines  midway  between  the  corners. 

1 271*  If  the  claim  is  on  surveyed  land,  it  may  be  tied 
to  some  section-corner  of  the  government  survey;  if  it  is 
on  unsurveyed  land,  the  tie  must  be  made  with  some  prom- 
inent natural  object,  such  as  a  mountain  peak,  or  with  some 
permanent  locating  monument  established  especially  for  the 
purpose. 

On  each  claim  located,  and  until  a  patent  has  been  issued 
therefor,  not  less  than  one  hundred  dollars*  worth  of  labor 
shall  be  performed,  or  one  hundred  dollars'  worth  of  im- 
provements made,  during  each  year..  This  original  location 
may  be  made  by  any  surveyor,  or  by  the  miner  himself,  but 
the  survey  on  which  the  patent,  or  possessory  title,  from 
the  government  is  issued  is  made  by  a  U.  S.  Deputy  Min- 
eral Surveyor. 

1272.  A  patent  for  any  land  claimed  and  located  for 
valuable  deposits  may  be  obtained  in  the  following  manner : 
Any  person,  having  claimed  and  located  a  piece  of  land  for 
such  purposes,  who  has  complied  with  the  law,  may  file  in 
the  proper  land  office  an  application  for  a  patent,  under 
oath,  showing  such  compliance,  and  a  plat  and  field  notes  of 
the  claim  made  by  or  under  the  direction  of  the  U.  S.  Sur- 
veyor-General, showing  accurately  the  boundaries  of  the 
claim,  which  shall  be  distinctly  marked  by  monuments  on 
the  ground,  and  shall  post  a  copy  of  such  plat,  together 
with  a  notice  of  such  application  for  patent,  in  a  conspicu- 
ous place  on  the  land  embraced  in  such  plat  previous  to  the 
filing  of  the  application  for  the  patent;  and  shall  file  an 
affidavit  of  at  least  two  persons  that  such  notice  has  been 
duly  posted;  and  shall  file  a  copy  of  the  notice  in  such  land 
office ;  and  shall  thereupon  be  entitled  to  a  patent  for  the 
land  in  the  following  manner:  The  Register  of  the  land 
office,  upon  the  filing  of  such  application  plat,  field  notes, 
notices,  and  affidavits,  shall  publish  for  the  period  of  sixty 
days  a  notice  that  such  application  has  been  made,  in  a 
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newspaper  to  be  by  him  designated  as  published  nearest  to 
such  claim,  and  he  shall  also  post  such  notice  in  his  office 
for  the  same  period. 

1273«  The  claimant  at  the  time  of  filing  the  applica- 
tion, or  at  any  time  thereafter  within  the  sixty  days  of  pub- 
lication, shall  file  with  the  Register  a  certificate  of  the  U.  S. 
Surveyor-General  that  five  hundred  dollars'  ($500)  worth  of 
labor  has  been  expended,  or  of  improvements  made  upon 
the  claim  by  himself  or  grantors;  that  the  plat  is  correct, 
with  such  further  description,  by  such  further  reference  to 
natural  objects  or  permanent  monuments,  as  shall  identify 
the  claim,  and  furnish  an  accurate  description  to  be  incor- 
porated in  the  patent. 

At  the  expiration  of  the  sixty  days  of  publication,  the 
claimant  shall  file  his  affidavit  showing  that  the  plat  and 
notice  have  been  posted  in  a  conspicuous  place  on  the  claim 
during  such  period  of  publication. 

If  no  adverse  claims  have  been  filed  with  the  Register 
and  the  Receiver  of  the  proper  land  office  at  the  expiration 
of  the  sixty  days  of  publication,  it  shall  be  assumed  that 
the  applicant  is  entitled  to  a  patent  upon  the  payment,  to 
the  proper  officer,  of  five  dollars  per  acre,  and  that  no  ad- 
verse claim  exists;  and,  thereafter,  no  objection  from  third 
parties  to  the  issuance  of  a  patent  shall  be  heard,  except  it 
be  shown  that  the  applicant  has  failed  to  comply  with  the 
terms  of  these  rules. 

The  Surveyor-General  of  the  United  States  may  appoint 
in  each  land  district  containing  mineral  lands  as  many  com- 
petent surveyors  as  shall  apply  for  appointments  to  survey 
mining  claims. 

1274.  The  general  principles  in  surveying  metallifer- 
ous mines  are  the  same  as  in  surveying  coal-mines.  The 
differences  are  only  in  the  details.  Four  drawings  are 
necessary  to  represent  the  workings  of  a  metalliferous  mine: 
(1)  the  surface  plan;  (2)  the  working  plan;  (3)  a  longitu- 
dinal section ;  (4)  a  transverse  section. 

The  surface  plan  gives  a  general  representation  of  the 
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whole  concession  or  tract  to  be  worked.  It  should  be  made 
on  a  scale  of  100  feet  to  the  inch,  and  on  it  the  boundary  of 
the  property  of  everylandowner  should  be  distinctly  marked 
and  all  the  lodes  indicated.  The  working  plan  gives  a  gen- 
eral view  of    the  underground  workings  as  they  would  be 


Sttr 


Fig.  261. 

seen  from  above  if  the  ground  were  transparent.  This 
plan  should  be  drawn  on  a  large  scale ;  20,  30,  40,  and  50 
feet  to  the  inch  are  scales  often  used  for  the  purpose. 

The  longitudinal  section  is  drawn  on  the  supposition  that 

a  section  of  the  ground 
is  cut  away,  and  that 
a  side  view  of  the  mine 
is  exposed.  All  the 
vertical  shafts,  the 
stopes,  the  grade  of 
the  levels,  and  the 
surface  line  with  ele- 
vations of  the  mine- 
buildings  will  be  cor- 
rectly shown.  The 
levels,  diagonal  shafts, 
and  winzes  will  have  a 
false  appearance. 
The  levels  will  appear 
J  perfectly  straight, 
however  crooked  their 


Fig.  262. 
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course  may  be,  the  diagonal  shafts  and  winzes  will  appear 
perpendicular,  and  the  cross-cuts  will  be  represented  as 
open  doorways. 

The  transverse  section  is  of  great  value,  as  it  shows  the 
dip  of  the  lodes,  or  veins.  In  the  transverse  section,  the 
view  is  taken  at  one  end  of  the  workings,  at  right  angles  to 
the  longitudinal  section.  Thus,  the  inclinations  of  the  shafts 
and  winzes  sunk  on  the  lode  are  shown.  The  levels  driven 
on  the  lode  will  be  repre- 
sented as  open  doorways; 
the  cross-cuts  will  be  cor- 
rectly shown;  and  all  varia- 
tions in  the  dip  of  the  lode 
from  the  surface  to  the  bot- 
tom of  the  mine  will  be 
shown. 

What  is  meant  by  the 
above  descriptions  of  the 
several  sections  will  be  clearer 
if  the  student  imagines  the 
mining  claim,  surface,  and 
workings  to  be  enclosed  in  a 
glass  box,  whose  sides  are 
the  vertical  planes  drawn 
through    the    side    and   end  ^^^'-  ^^s. 

lines  of  the  claim.  The  working  plan  is  the  view  which 
would  be  obtained  by  looking  down  through  the  top  of 
the  box.  The  longitudinal  section  is  the  view  which 
would  be  obtained  by  looking  through  the  side  of  the  box 
parallel  to  the  strike  of  the  lode.  The  transverse  section  is 
the  view  which  would  be  obtained  by  looking  through  the 
end  of  the  box  which  is  perpendicular  to  the  strike  of  the 
lode  and  parallel  to  its  dip. 

When  the  lode  is  very  flat,  the  longitudinal  section  is 
made  along  the  lode.  In  this  way,  a  true  idea  is  given  of 
the  ground  worked,  but  an  erroneous  one  with  regard  to 
depth.  This  method  of  projecting  the  section  is  necessary 
to  enable  the  ground  stoped  away  to  be  shown,  as,  when  the 
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lode  is  so  very  flat,  the  back  of  one  level  in  a  vertical 
section  would  touch  the  floor  of  the  next.  As  a  rule,  lodes 
are  so  nearly  vertical  that  a  perpendicular  plane  may  be 
taken  for  the  section. 

The  horizontal  and  the  vertical  angles  and  the  distances 
are  measured  exactly  the  same  as  in  the  survey  of  a  coal- 
mine, and  the  same  rules  for  platting  apply  for  the  ground 
plan.  The  longitudinal  and  the  transverse  sections,  Figs.  262 
and  203,  respectively,  are  constructed  in  the  same  manner 
as  the  crosi-sections  previously  described.  The  shaft  is  on 
a  pitch,  causing  the  gangways  on  the  different  levels  to 
appear  on  the  plan.  Fig.  261. 

1 275.  The  workings  of  a  metalliferous  mine  are  shown 
in  Fig.  261.  The  mine  has  an  adit-level,  and,  below  that, 
60,  120,  180,  240,  and  300  foot  levels.  The  adit  is  north 
of  the  shaft.  The  engine  shaft  contains  the  pumps  which 
lift  the  water  from  the  sump,  or  lowest  point  of  the  shaft, 
to  the  adit-level,  which  comes  out  to  the  surface  on  the 
adjacent  hillside.  This  shaft  was  sunk  vertically  to  in- 
tersect the  lode  at  the  60-foot  level,  a  cross-cut  being 
driven  to  the  adit.  Then,  instead  of  continuing  verti- 
cally, necessitating  the  driving  of  cross-cuts  to  the  lode, 
the  shaft  follows  the  latter.  The  shaded  portions  shown 
in  the  longitudinal  section.  Fig.  262,  represent  the  pro- 
jection of  the  ore  masses  removed  by  stoping.  In  prac- 
tice, such  portions  are  not  shaded,  but  are  tinted,  pprple 
for  tin,  green  for  copper,  blue  for  lead,  yellow  for  gold,  etc. 
The  draftsman  can,  of  course,  adopt  any  colors  to  represent 
the  various  minerals. 

Between  the  60  and  the  120  foot  level  the  winze  and  rise 
did  not  meet,  owing  to  an  error  of  the  surveyor. 

Fig.  263  is  a  section  through  the  shaft  and  at  right  angles 
to  the  direction  of  the  levels. 


SURVEY  OF  A  METALLIFEROUS  MINE. 

1276.  The  notes  for  the  survey  from  which  the  plan 
and  sections  shown  in  Figs.  261,  262,  and  263  were  con- 
structed are  as  follows: 
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Began  at  Station  1. 

1-50  S80°W  +11°  03'  205.0 

Station  50  is  notch  and  nail  in  root  of  stump. 

1-2  S  89°  15'  W  0°  00'  52.5 

Station  2  at  mouth  of  adit. 

2-3  S  89°  15'  W  0°  00'  198.0 

Station  3  at  cross-cut,  ribs  of  adit  5  ft.  right,  3  ft.  left. 

2  +  50  =  ribs  5  ft.  right,  3  ft.  left.     Adit  6  ft.  high. 

2  +  80  =  first  side  stoping,  left.  Stoping  through  to  level 
below. 

2  +  100  =  ribs  5  ft.  right,  3  ft.  left. 

2  +  143  =  second  side  stoping,  left.  Stoping  through  to 
level  below. 

2  +  150  =  ribs  5  ft.  right,  3  ft.  left. 

2  +  150  (  =  stoping,  right.     Stoping  at  2  +  150  begins  at 

2  +  172  )  top  of  adit  and  runs  diagonally  to  a  point  12  ft. 
above  adit  at  2  +  172. 

2  +  193  =  first  side  of  cross-cut. 

3-4  N  87°  W  0°  00'  102.0 

Station  4  is  face  of  adit;  ribs  5  ft.  right,  3  ft.  left. 

3  -f-  3  =  west  side  of  cross-cut. 

3  +  50  =  ribs  3  ft.  right,  4  ft.  left. 

3-5  S  24°  45'  E  0°  00'  45.0 

3  +  41  =  north  side  of  shaft.     Shaft  is  8  ft.  square. 
Station  5  is  center  of  shaft,  60  ft.  to  60-foot  level. 
Then  on  60-foot  level  began  at  center  of  shaft,  and  called 
it  Station  5. 

5^  N  88°  W  0°  00'  64.0 

At  6,  ribs  4  ft.  right,  4  ft.  left.     Level  6  ft.  high. 

At  6,  center  of  rise,  8  ft.  wide. 

6  to  face.     N  88°  W    0°  00'    49.0,  ribs  4  ft.  right,  4  ft.  left. 

6  +  23  =  center  of  winze,  8  ft.  wide. 
3  [  =  stoping  right  and  left.      Stoping  up  16  ft.  at 

40 )  center. 
5-7  N89°30'E  0*°  00'  52.5 

At  7,  ribs  2  ft.  right,  6  ft.  left. 

7-8  N  81°  30'  E  0°  00'  82.0 

At  8,  ribs  2  ft.  right,  8  ft.  left. 

7  -|-  30  =  center  of  winze  8  ft.  wide. 
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"["  _,    f  =  sloping,  left,  through  to  adit. 

34 ) 
7  +  j.^  f  =  stoping,  right,  through  to  level  below. 

Mace,  S  87°  20'  E     0°  00'     45.0,  ribs  2  ft.  right,  6  ft.  left. 
5-9  Due  South  -  56°  19'  72.1 

Station  9  on  120-foot  level.     Shaft  from  60-foot  level  to 
bottom  is  10  ft.  wide. 

9-10  N  83°  45'  E  0°  00'  83.0 

At  10,  ribs  3  ft.  right,  5  ft.  left. 
9  +  50  =  ribs  2  ft.  right,  6  ft.  left. 

9  --}-  72  =  center  of  rise,  8  ft.  wide. 

10-11  Due  East  0°  00'  47.0 

At  Station  11,  ribs  4  ft.  right,  4  ft.  left. 

10  +  9  =  first  side  stoping,  left,  cut  into  rise  22  ft.  above 
level. 

10  +  11  =  first  side  stoping,  right,  through  to  level  below. 
10  +  25  =  ribs  6  ft.  right,  2  ft.  left. 

10  +  40  =  center  of  winze,  8  ft.  wide. 

11-12  N83°E  0°  00'  48.0 

Station  12  is  face,  ribs  4  ft.  right,  4  ft.  left. 

11  +  19  =  inside  of  stoping,  left,  through  to  level  above. 
11  +  20  =  inside  of  stoping,  right,  through  to  level  below. 
9-13  N84°10'W  0°00'  52.5 
At  Station  13,  ribs  5  ft.  right,  5  ft.  left. 

13-14  S  87^  15'  W  0°  00'  55.0 

Station  14  is  face,  ribs  5  ft.  right,  3  ft.  left. 
13  4-  7  ft.  =  point  of  pillar  of  hole  on  left  side. 

1 3  -4-    S  J 
'"["{•  =  stoping,  right,  through  to  level  above. 

13  +  35  =  center  of  rise,  8  ft.  wide. 

13-15  S  43°  W  0°  00'  15.0 

Station  15  is  face,  ribs  4  ft.  right,  4  ft.  left. 

13  -f-  6  ft.  =  point  of  pillar  on  right. 

9-1 G  S  0°  30'  E  --  58°  44'  70.5 

Station  16  on  180-foot  level. 

lG-17  N  87°  10'  E  0°  00'  87.0 

At  Station  17,  ribs  4  ft.  right,  4  ft.  left. 
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>  =  stoping,  right  and  left,  through  to  levels  above 


[9  ) 

>  =  stoping,  left,  through  to  level  above. 


•  17-18  N  87°  10'  E  0°  00'  87.0 

Station  18  is  face,  ribs  4  ft.  right,  4  ft.  left. 

17  +  32  =  center  of  rise  and  center  of  winze,  each  8  ft.  wide. 

17  +  20  (^  __ 

17  +  70 
and  below. 

16-19  S  r  15'  W  -  57°  19'  71.3 

Station  19  is  on  240-foot  level. 

19-20  N  83°  E  0°  00'  61.0 

At  Station  20,  ribs  2  ft.  right,  6  ft.  left. 

20-21  '      N  83°  15'  E  0°  00'  87.0 

Station  21  is  face,  ribs  4  ft.  right,  4  ft.  left. 

20  +  21  =  winze,  8  ft.  wide. 

20  +  62  =  rise,  8  ft.  wide. 

20  +  49 

20  +  82 

19-22  S83°W  0°00'  65.5 

At  Station  22,  ribs  5  ft.  right,  3  ft.  left. 

19  +  24  =  first  side  stoping,  left,  cuts  into  winze  15  ft. 
below  level. 

« 

19  +  54  =  winze,  8  ft.  wide. 

22-23  S  83°  45'  W  O*'  00'  44.0 

Station  23  is  face,  ribs  4  ft.  right,  4  ft.  left. 

22  +  6  =  inside  stoping,  left,  cuts  into  winze  15  ft.  below 
level. 

19-24  S  2°  45'  E  -  61°  56'  68.0 

Station  24  is  on  300-foot  level. 

24-25  S  88°  35'  W  0°  00'  64.0 

At  Station  25,  ribs  5  ft.  right,  3  ft.  left. 

24  +  27  =  first  side  stoping,  right,  cuts  into  rise  22  ft. 
above  level. 

24  +  55  =  center  of  rise,  8  ft.  wide. 

25-26  S  88°  30'  W  0°  00'  34.0 

Station  26  is  face,  ribs  5  ft.  right,  3  ft.  left. 

25  +  11  =  inside  stoping,  right,  cuts  into  rise  22  ft.  above 
level. 

24-27  N  84°  30'  E  0°  00'  98.5 

At  Station  27,  ribs  4  ft.  right,  4  ft.  left. 
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24  +  4 1  =  first  side  stoping,  left,  cuts  into  rise  22  ft  above 
level. 

24  +  81  =  center  of  rise,  8  ft.  wide. 

27-28  N  8C°  15'  E  0°  00'  93.0 

Station  28  is  face,  ribs  4  ft.  right,  4  ft.  left. 

27  +  12  =  inside  stoping,  left,  cuts  into  rise  22  ft.  above 
level. 

On  the  longitudinal  section,  the  ore  masses  removed  by 
stoping  are  determined  by  measurements  made  along  the 
levels  when  the  stoping  extends  from  level  to  level;  but 
wKen  it  does  not  extend  through,  the  length  of  the  stoping 
is  measured  along  the  level,  and  its  height  or  depth  is  meas- 
ured from  the  side  of  the  level. 


PRACTICAL  PROBLEMS. 

1 277.  The  following  problems  are  given  to  illustrate 
such  practical  work  as  the  mining  engineer  is  often  required 
to  do.  The  student  should  thoroughly  review  the  principles 
of  plane  trigonometry  which  relate  to  the  solution  of  tri- 
angles, before  he  begins  to  study  these  problems. 

1.  The  main  entry  from  the  bottom  of  the  shaft  runs 
due  north  3,600  feet.     A  cross-entry  is  started  due  east  at  a 

distance  of  200  feet  from  the  face  and 
driven  2,465  feet,  (a)  What  length 
of  roadway  started  250  feet  from  the 
shaft  will  be  required  to  connect  with 


A ^JV 


-'.  o 


1*! 


PlO.  264. 

the  face  of  the  cross-entry  ? 
of  this  connecting  roadway  ? 


Pig.  966. 


{b)  What  will  be  the  bearing 
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(a)  In  Fig.  264,  the  distance  from  the  shaft  5  to  the  face 
C  of  the  main  entry  is  3,600  feet.  The  distance  ^  5  is 
250  feet  and  the  distance  B Cis  200  feet;  therefore,  A  B  = 
SC'-{AS  +  BC)  =  3,600  -  (250  +  200)  =  3,600  -  450  = 
3,150  feet.  The  length  B  D  is  2,465  feet.  From  the  right- 
angled  triangle  A  B  D, 

AD  =  \\Ahy^{BDy  =  A 150"+ 55, 46^  = 
^^15, 998, 725  =  3, 999. 8  ft.     Ans. 
{b)     From  the  right-angled  triangle  A  B  D;  tan  B  A  D  := 

-j-^  ==———==  .78254,   which   corresponds   to  an   angle  of 
/i  £>      o,  loU 

38°  03'  (nearly).     The  bearing  of  the  road  from  A  \.o  D  is, 

therefore,  N  38°  03'  E.     Ans. 

2.  If  the  distance  measured  on  the  map  from  the  haulage 
road  to  the  land  line  is  317  feet  due  north,  and  the  seam 
dips  21**  due  south,  how  far  can  a  breast,  or  room,  be  driven 
up  the  pitch  before  it  reaches  the  land  line  ? 

The  room  is  to  be  driven  up  a  pitch  of  21°  from  the  haul- 
age road  to  the  land  line,  and  the  horizontal  distance  from 
the  haulage  road  to  the  land  line  is  317  feet;  therefore,  by 
consulting  Fig.  265,  it  can  be  seen  that  the  line  A  B  repre- 
sents the  distance  up  the  pitch,  and  since  it  is  the  hypote- 
nuse of  a  right-angled  triangle,  it  is  calculated  thus: 

317     _     317 
cos  21°"  .93358 

3.  A  seam  of  coal  7  feet  thick  crops  at  the  north  line  of 
a  tract  of  land;  the  seam  dips  0°  south,  and  the  surface  has 
a  regular  fall  of  5°  in  the  same  direction;  how  far  south  of 
the  north  line  must  one  go  to  sink  a  shaft,  so  that  it  will 
cut  the  seam  at  a  point  1,100  feet  on  the  pitch  from  the 
crop,  and  what  will  be  the  depth  of  the  shaft  from  the 
surface  to  the  bottom  slate  ? 

In  Fig.  266,  A  C=  1,100  ft.,  the  distance  from  the  out- 
crop A  to  the  point  C  in  the  seam  to  which  the  shaft  is  to 
be  sunk.  A  E  \s  the  horizontal  distance  measured  south 
from  the  outcrop. 

B  D  =  B  C-\-C  D  =  depth  of  shaft  to  bottom  slate.  A  E 
can  be  calculated  from  the  right-angled  triangle  A  E  C,  thus: 


AB=         Lo  =  ~7~  =  339.55  feet.      Ans. 
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A  £=1,100  X  cos  9°  =  1,100  X  .ft87eO  =  l,08C.4Cft. 
To  calculate  the  depth  of  the  shaft  £D: 

BD=BCJrCD. 
B  Cmust  first  be  calculated,  which  can 
easily  be  done  by  finding  E  C  and  E  B 
and  subtracting  them. 
£■(7=  1,100  X  sin  y  = 

1,100  X  .15643  =  172.07  ft. 
£  5  =  ^  £■  X  tan  5°  = 

1,086.46  X  .(187489  =    95.05  ft. 
Difference  BC=  EC-  EB=    77.03  ft. 
Now,  calculate  CD.     The  thickness  of 
the  seam  is  7  feet,  but  C  D  does  not  ex- 
actly represent  the  thickness. 


CD  = 


"sin  81"      .98769 
Therefore,  BD  =  BC  -\-CD 
7.09  =  84.11  ft.     Ans. 


7.09  ft. 


4.     A  colliery  has  been  worked  down 
three    lifts,   on  a   steep  north  dip.     The 
slope  is  down  300   yards.       North   from 
the  mouth  of  the  slope  a  horizontal  dis- 
tance of  800  feet,  a  shaft  has  been  sunk,  cutting  the  seam 
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^t  a  depth  of  1,200  feet,  {a)  How  far  from  the  shaft  level 
can  the  chambers  be  driven,  to  leave  a  chain  pillar  40  feet 
thick  (measured  on  the  dip)  between  them  and  the  slope 
gangway,  and  {6)  what  is  the  angle  of  dip  ? 

(a)  By.  consulting  Fig.  2G7,  it  will  be  seen  that  there  is 
a  right-angled  triangle  whose  base,  800  feet,  is  equal  to  the 
horizontal  distance  from  the  mouth  of  the  slope  to  the  shaft; 
its  altitude  is  equal  to  1,200  feet,  the  depth  of  the  shaft, 
and  its  hypotenuse  is  equal  to  900  feet,  the  length  of  the 
slope,  plus  40  feet,  the  length  of  the  pillar,  plus  the  unknown 
length  of  the  chambers.  This  last  length  can  be  calculated 
thus: 

The  hypotenuse  =  t^l,200'  +  800'  =  1,442.2  ft. 

Hence,  the  length  of  the  chambers  =  1,442.2  —(900  +  40)  = 
502.2  ft.  =  167.4  yd.     Ans. 

(d)     The  angle  of  dip  is  calculated  thus: 


Tangent  of  dip  = 


1,200 
800 


=  1.5  =  tangent  56°  19',  nearly. 


Therefore,  the  angle  of  dip  =  56°  19'.     Ans. 

5.  Find  the  depth  of  a  shaft  which  is  to  be  sunk  at  a 
point  350  feet  horizontally  from  the  outcrop  of  a  vein,  to 
intersect  a  cross-cut 
of  125  feet.  The 
dip  of  the  vein  is  60°, 
and  the  difference  in 
level  between  the 
outcrop  and  the 
mouth  of  shaft  is 
50  feet. 

If,  Fig.  268,  a  line 
is  drawn  from  the 
outcrop  downwards 
parallel  to  the  shaft, 
and  the  cross-cut 
then  produced  to  the 
left  until  it  intersects 
this  line,  a  right- 
angled   triangle   will  fig.  268. 
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be  formed  whose  altitude,  plus  50  feet,  will  equal  the  depth 
of  the  shaft,  since  the  difference  in  elevation  of  mouth  of 
shaft  and  outcrop  is  50  feet.  The  base  of  the  triangle 
will  equal  350  —  125  =  225  feet,  which  is  apparent  from  the 
drawing;  and  the  angle  opposite  will  equal  30°,  the  com- 
plement of  the  60**  angle  of  dip ;  hence,  ^^^  ^^o  =  -57735  = 
389.7  ft.  The  depth  of  shaft  =  389. 7 +  50  =439. 7  feet.  Ans. 

6.  If  the  face  of  a  haulage  road  driven  due  east  is  at  the 
land  line,  which  has  a  course  of  S  46""  15'  E,  and  a  breast,  or 
room,  is  started  at  right  angles  to  the  haulage  road  GO  feet 


Haulage  Road, 


B 


9^ 


N 


Pio.  ao». 


back  from  face  of  gangway,  and  the  pitch  of  the  seam  is  47° 
south,  at  what  distance  from  the  haulage  road  will  the 
breast,  or. room,  reach  the  land  line  ? 

A  plan  and  section  are  given,  Fig.  269,  to  better  represent 
the  meaning  of  this  problem.  From  the  plan  on  the  right 
we  see  that  A  i?  =  60  X  tan  43°  45'  =  60  X  .95729  =  57.44 
feet,  which  is  the  horizontal  distance  from  the  haulage  road 
to  the  land  line.  Therefore,  if  a  room  be  driven  up  a  pitch 
of  47°,  at  right  angles  to  the  haulage  road,  its  length  will  be 
57.44 


-^•ii- 84  2  ft 
cos  47°"  .682    -^'^•^^^• 


Ans. 
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7.     It  is  intended  to  sink  a  shaft  at  the  end  of   a  level 
driven  from  Smith's  shaft ;  the  accompanying  notes  show  the 


Station. 

Bearing. 

Distance. 

1-2 

N  r  00'  w 

70  feet. 

2-3 

N  82°  45'  E 

40  feet. 

3-4 

N  81°  30'  E 

30  feet. 

4-5 

East 

80  feet. 

5-0 

S  78°  00'  E 

50  feet. 

0-7 

S  83°  15'  E 

40  feet. 

7-8 

S  75°  00'  E 

20  feet. 

8-9 

N  85°  00'  E 

30  feet. 

9-10 

N  77°  45'  E 

20  feet. 

10-11 

N    9°00'W 

40  feet. 

survey  from  the  center  of  the  shaft  to  the  eastern  end  of  the 
level.  Calculate  the  distance  and  bearing  from  Smith's  shaft 
to  the  point  at  the  surface  where  the  new  shaft  is  to  be  sunk. 

Traverse  the  notes  as  follows : 


Sta. 

Bearing. 

Dis- 
tance. 

Cosine. 

Sine. 

latitude. 

Departure. 

tion. 

North. 

South. 

East. 

West. 

1-2 

N    2"  00'  W 

70  ft. 

.99939 

.08490 

69.96 

2.44 

2-3 

N  82°  45'  E 

40  ft. 

.12620 

.99200 

5.05 

39.68 

3-4 

N  SV  30'  E 

30  ft. 

.14781 

.98902 

4.43 

29.67 

4-5 

East 

80  ft. 

.00000 

1.00000 

80.00 

5-6 

S  78*'  00'  E 

50  ft. 

.^0791 

.97815 

10.40 

48.91 

6-7 

S  83"  15'  E 

40  ft. 

.11754 

.99307 

4.70 

39.72 

7-8 

S  75"  00'  E 

20  ft. 

.25882 

.96593 

5.18 

19.82 

8-9 

N  85"  00'  E 

30  ft. 

.08710 

.99619 

2.61 

29.89 

9-10 

N  77°  45'  E 

20  ft. 

.21218 

.97723 

4.24 

19.54 

10-11 

N    9'00'W 

40  ft. 

.98769 

.15643 

39.51 

6.26 

125.80    20.28  306.73      8.70 
20.28  8.70 


105.52 


298.03 


Sta.  11  is,  therefore,  105.52  feet  north  and  298.03  feet  east 
of  Sta.  1. 
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The   tangent   of  the   bearing  from   1   to   II  = 


298.03 


105.62 
2.8244;   hence,  the   bearing   from   1-11  =  N  70°  30' E,  and 

N 


.  -  ' 

S^  Smiih^M  Shaft  « 

PlO.  270. 

the  distance  =  i/298. 03' +  105.52*  =  316.16  ft.,  nearly.     See 
Fig.  270. 

8.  Having  given  the  accompanying  notes  from  which 
the  plat  shown  in  Fig.  271  is  constructed,  {a)  find  the 
length  and  bearing  of  the  course  6-1;  (b)  find  the  area 
enclosed  in  the  survey. 


» 


197.M 


9I2JJL 


101, 0tr  « 


409,34^ 


Fio.  271. 
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Station. 

Bearing. 

Distance. 

1-2 

N50°W 

200  ifeet. 

2-3 

N  10°  E 

222  feet. 

a-4 

S  60°  E 

228  feet. 

4r-5 

N50°  E 

284  feet. 

5-6 

N68°E 

110  feet. 

6-1 

■ 

(a)  Traverse  the  notes  as  follows: 


Sta- 

Bearing. 

Dis- 
tance. 

Cosine. 

Sine. 

Latitude. 

Departure. 

tion. 

North. 

South. 

Bast. 

West. 

1-2 
2-3 
8-4 
4-5 
5-6 
6-1 

N50''W 
NIO-'E 
S60*'E 
N50*'E 
N68''E 
To  be  cal 

200  ft. 
222  ft. 
228  ft. 
284  ft. 
110  ft. 
culated. 

.64279 
.98481 
.50000 
.64279 
.37461 

.76604 
.17365 
.86603 
.76604 
.92718 

128.56 
218.63 

182.55 
41.21 

114.00 

38.55 
197.45 
217.56 
101.99 

153.21 

570.95     114.00     555.55    153.21 
114.00  153.21 


456.95 


402.34 


Sta.  6  is,  therefore,  456.95  feet  north  and  402.34  feet  east 
of  Sta.  1. 

The  tangent  of  the  bearing  from 

hence,  the  bearing  from  1  to  6  =  N  41*^  22'  E,  very  nearly, 
and  the  distance  =  VTslToS"  +  402734"'  =  G08. 84  ft.     Ans. 

(b)     To  find  the  area  enclosed  by  the  survey : 

Area  of  enclosing  rectangle  MNO P= 

456.95  X  555.55  =  253,858.57  sq.  ft 
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Area  of  triangle  A  = 

128.50  X  153.21 

2 

Area  of  trapezoid  B  = 

109.70  4-328.39 

2 
Area  of  trapezoid  C  = 

109.76  +  223.76 

2 

Area  of  trapezoid  D  = 

41.21  +  223.76 

2 

Area  of  triangle  E  = 

101.99  X  41.21 

2 
Area  of  triangle  /^  = 

402.34X456.95 


=     9, 848. 34  sq  ft. 


X    38.55=     8, 445. 34  sq.  ft. 


X  197.45  =  32,926.76  sq.  ft. 


X  217.50  =  28,823.44  sq.  ft. 


=     2, 101. 50  sq.ft. 


=  91,924.03  sq.  ft. 


2  

174,070.01  sq.  ft. 

Total  area  of  survey  =  253,858.57  -  174,070.01  =  79,- 
788.56  square  feet.     Ans. 

9.  Having  decided  to  abandon  a  drift  at  a  mine  and 
sink  a  slope,  in  order  to  obtain  better  haulage,  drainage, 
and  outside  arrangements,  the  survey  following  was  made. 

The  slope  will  be  driven  due  south  from  Sta.  1  on  a  pitch 
of  30°,  and  the  work  will  commence  both  at  the  surface  and 
in  the  mine.  Determine  (a)  the  horizontal  distance  from 
Sta.  4  to  a  point  in  the  monkey  drift  where  a  horizontal 
heading  driven  due  north  will  intersect  the  line  of  the  slope 
at  the  point  from  which  the  work  in  the  mine  will  com- 
mence; (d)  the  length  of  the  heading  leading  from  the 
monkey  drift  to  the  foot  of  the  slope ;  and  {c)  the  length  of 
the  slope. 

(a)  After  traversing  the  notes,  Sta.  4  is  found  to  be 
709. 56  feet  east  of  Sta.  1,  or  the  line  of  the  slope.     Hence, 

QQO  1R/V  =  709.0    feet,     the    horizontal    distance 

cos  ^yu    —  o9    lo  ) 

which  must  be  measured  off  along  the  monkey  drift  from  Sta. 
4  to  determine  the  starting-point  of  the  horizontal  heading. 
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(6)  The  height  of  Sta.  1 
above  Sta.  2  =  540  tan 
17°  15'  =  167.68  feet;  the 
height  of  Sta.  2  above 
Sta.  3  =  258  tan  23°  07'  = 
110. 14  feet;  the  height  of 
Sta.  3  above  Sta.  4  =  444 
tan  5°  13'  =  40.54  feet. 
The  distance  of  Sta.  4 
below  the  horizontal  head- 
ing =  709.6  tan  4°  02'  = 
50.03  feet.  Hence, 
167.68   +   110.14  +  40.54 

-  50.03  =  268.37  feet  = 
the  distance  the  horizontal 
heading  is  below  Sta.  1. 
The  distance  the  starting- 
point  of  the  horizontal 
heading  is  north  of  Sta.  4= 
709.6  sin  0°  45'=  9.29  feet, 
and  since  Sta.  4  is,  ac- 
cording to  the  notes, 
655.78  feet  south  of  Sta. 
1,  655.78  -  9.29  =  646.49 
feet  is  the  distance  the 
starting-point  of  the  hori- 
zontal heading  is  south  of 
Sta.  1.  The  slope  will 
strike  the  level  of  the  head- 
ing at  a  distance  south  of 

Sta.  1=-?^=  404.83 
tan  30 

feet.         Hence,    646.49 

—  464.83  =  181.66  feet  = 
the  length  of  the  heading. 
(c)    The    length     of     the 

.  268.37         ^.^^  _,. 

feet 
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QUESTIONS    AND   EXAMPLES 

Relating  to   the    Subjects 
Treated  of  in  This  Volume. 


It  will  be  noticed  that  the  various  Question  Papers  that 
follow  have  been  given  the  same  section  numbers  as  the 
Instruction  Papers  to  which  they  refer.  No  attempt  should 
be  made  to  answer  any  of  the  questions  or  to  solve  any  of 
the  examples  until  the  Instruction  Paper  having  the  same 
section  number  as  the  Question  Paper  in  which  the  questions 
or  examples  occur  has  been  carefully  studied. 


ARITHMETIC 

(PART    1.) 


(1)  What  is  arithmetic  ? 

(2)  What  is  a  number  ? 

(3)  What  is  the  difference  between  a  concrete  number 
and  an  abstract  number  ? 

(4)  Define  notation  and  numeration. 

(5)  Write  each  of  the  following  numbers  in  words: 

{a)  980;  (*)  605;  {c)  28,284;  (d)  9,006,042;  {e) 
850,317,002;  (/)     700,004. 

(6)  Represent  in  figures  the  following  expressions: 

(a)  Seven  thousand,  six  hundred,  (d)  Eighty-one  thou- 
sand, four  hundred,  two.  (c)  Five  million,  four  thousand, 
seven,  (d)  One  hundred  eight  million,  ten  thousand,  one. 
{e)     Eighteen  million,  six.     (/)     Thirty  thousand,  ten. 

(7)  What  is  the  sum  of  3,290  +  504+865,403  +  2,074 
+  81  +  7?  Ans.  871,359. 

(8)  709  +  8,304,725  +  391  +  100,302  +  300  +  909=  what  ? 

Ans.  8,407,336. 

(9)  Find  the  difference  between  the  following: 
(a)  50,962  and  3,338;     (*)  10,001  and  15,339. 

^     '    \{d)     5,338. 

(10)  (a)  70,968  -  32,975  =  ?  (/;)  100,000  -  98,735  =  ? 

A    i  W  37,003. 
^^'    \{b)     1,265. 

§1 


2  ARITHMETIC.  §  1 

(11)  The  greater  of  two  numbers  is  1,(K)4  and  fheir  dif 
ference  is  49;  what  is  their  sum?  Ans.  1,959. 

(12)  From  6,902  +  8,471  +  9,023  take  3,874  +  2,039. 

Ans.  17,543. 

(13)  A  man  willed  $125,000  to  his  wife  and  two  children; 
.  to  his  son  he  gave  $44,075,  to  his  daughter  $26,380,  and  to 

his  wife  the  remainder.     What  was  his  wife's  share  ? 

Ans.  $53,945. 

(14)  Find  the  products  of  the  following: 

{a)  520,387  X  7;  (b)  700,298  X  17;  (r)  217  X  103  X  67. 

(  (a)    3,684,709. 

Ans.  ]  (d)  11,905,066. 

(  (c)    1,497,517. 

(15)  If  your  watch  ticks  once  every  second,  how  many 
times  will  it  tick  in  one  week  ?  Ans.  604,800  times. 

(16)  If  a  monthly  publication  contains  24  pages  in  each 
issue,  how  many  pages  will  there  be  in  eight  yearly  volumes  ? 

Ans.  2,304. 

(17)  An  engine  and  boiler  in  a  manufactory  are  worth 
$3,246.  The  building  is  worth  three  times  as  much,  plus 
$1,200,  and  the  tools  are  worth  twice  as  much  as  the  build- 
ing, plus  $1,875.  (a)  What  is  the  value  of  the  building  and 
tools  ?     (d)  What  is  the  value  of  the  whole  plant  ? 

Ans   i  ^^)  *^^'^^^- 
^    '  1  (*)     37,935. 

(18)  Solve  the  followmg  by  cancelation: 

72  X  48  X  28  X  5  _  ^         ...    80  X  60  X  50  X  16  X  14  _ 
^^^    90  X  15  X  7  X  0  ■"  *         ^^        70  X  50  X  24  X  20       "" 

Ans  \  (^>     ^• 
^''^'  \  {b)  32. 

(19)  If  a  mechanic  earns  $1,500  a  year  for  his  labor,  and 
his  expenses  are  $908  per  year,  in  what  time  can  he  save 
enough  to  buy  28  acres  of  land,  at  $133  an  acre  ? 

Ans.  7  years. 
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(20)  A  freight  train  ran  3G5  miles  in  one  week,  and  3 
times  as  far,  lacking  246  miles,  the  next  week;  how  far  did 
it  run  the  second  week  ?  Ans.  849  miles. 

(21)  If  the  driving  wheel  of  a  locomotive  is  16  ft.  in  cir- 
cumference, how  many  revolutions  will  it  make  in  going  from 
Philadelphia  to  Pittsburg,  the  distance  of  which  is  354 
miles,  there  being  5,280  feet  in  one  mile  ?     Ans.  116,820  rev. 

(22)  What  is  the  quotient  of 

(tf)  589,824 -f- 576?  (<J)  369,730,620 -^  43,911  ?  (r)  2,527,- 
525  -7-  505  ?     (d)  4,961,794,302  -f- 1,234  ? 

'  {a)  1,024. 

Ans.  ^   (/)  «>^^^- 

{c)  5,005. 

{d)  4,020,903. 

(23)  A  man  paid  $444  for  a  horse,  wagon,  and  harness. 
If  the  horse  cost  $264  and  the  wagon  $153,  how  much  did 
the  harness  cost  ?  Ans.  $27. 

(24)  What  is  the  product  of 

(a)  1,024  X  576  ?      (*)  5,005  X  505  ?      {c)  43,911  X  8,420  ? 

(  (a)         589,824. 

Ans.  ]  {6)      2,527,525. 

(  (r)  369,730,620. 

(25)  If  a  man  receives  30  cents  an  hour  for  his  wages, 
how  much  will  he  earn  in  a  year,  working  10  hours  a  day 
and  averaging  25  days  per  month  ?  Ans.  $900. 

(26)  What  is  a  fraction  ? 

(27)  What  are  the  tef ms  of  a  fraction  ? 

(28)  What  does  the  denominator  show  ? 

(29)  What  does  the  numerator  show  ? 

(30)  How  do  you  find  the  value  of  a  fraction  ? 

(31)  Is  ^  a  proper  or  an  improper  fraction,  and  why  ? 

(32)  Write  three  mixed  numbers. 
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(33)  Reduce  the  following .  fractions  'to  their  lowest 
terms:  |,  ^,  ^,  ||.  Ans.  ^,  i,  i,  ^. 

(34)  Reduce  G  to  an  improper  fraction  whose  denomina- 
tor is  4.  Ans.  y^. 

(35)  Reduce  7^,  13^*^,  and  lOi  to  improper  fractions. 

Ans.  V,  W,  V. 

(36)  What  is  the  value  of  each  of  the  following:  J^,  J^, 
H,  ¥,  H  ?  Ans.  6i,  4i,  4^,  2,  1  A- 

(37)  Solve  the  following: 

(a)  35  -^  t^^;  (6)  ^V  -  3;  (0  V  -  9;  (^)  W  -  tV;  (^)  15f 

-^  4:1 .  r   (^)    112. 

(*)   A. 

Ans.  ^    (^)    ^, 
{d)  4^. 

(38)  i  +  |  +  f=?  Ans.  1. 

(39)  1  +  1  +  3^^=?  Ans.  ||. 

(40)  42  +  31g  +  9tV  =  ?  Ans.  83^. 

(41)  An  iron  plate  is  divided  into  four  sections;  the  first 
contains  29^  square  inches;  the  second,  50f  square  inches; 
the  third,  41  square  inches,  and  the  fourth,  69f^  square 
inches.     How  many  square  inches  are  in  the  plate  ? 

Ans.  190^  sq.  in. 

(42)  Find  the  value  of  each  of  the  following: 

15         4  +  3 

(a\  ^  .   (h\  32     ,     2  +  6  (  W  3ri. 

(^)X^(*)  j;(.)-f-  Ans.     (*)       J. 

(43)  The  numerator  of  a  fraction  is  28,  and  the  value  of 
the  fraction  J;  what  is  the  denominator  ?  Ans.  32. 

(44)  What  is  the  difference  between  (a)  J  and  ^  ?  (/»)  13 
and  7tV  ?  {c)  312,^  and  229^j  ?  i  (a)      i,. 

Ans.  \  {d)     5^. 


§  1  ARITHMETIC.  5 

.  (45)  If  a  man  travels  85^^  miles  in  one  day,  78^  miles 
in  another  day,  and  125^  miles  in  another  day,  how  far  did 
he  travel  in  the  three  days  ?  Ans.  289f^  miles. 

(46)  From  573f  tons  take  216f  tons.  Ans.  357:^. 

(47)  At  f  of  a  dollar  a  yard,  what  will  be  the  cost  of  9^ 
yards  of  cloth  ?  Ans.  3^|  dollars. 

(48)  Multiply  f  of  J  of  ^  of  ^  of  11  by  J  of  |  of  45. 

Ans.   1091^1^. 

(49)  How  many  times  are  f  contained  in  |  of  16  ? 

Ans.  18  times. 

(50)  Bought  21 1^^  pounds  of  old  lead  for  IJ  cents  per 
pound.  Sold  a  part  of  it  for  2^  cents  per  pound,  receiving 
for  it  the  same  amount  as  I  paid  for  the  whole.  How  many 
pounds  did  I  have  left  ?  Ans.  52fJ  pounds. 

(51)  Write  out  in  words  the  following  numbers:  .08, 
.131,  .0001,  .000027,  .0108,  and  93.0101. 

(52)  How  do  you  place  decimals  for  addition  and 
subtraction  ? 

(53)  Give  a  rule  for  multiplication  of  decimals. 

(54)  Give  a  rule  for  division  of  decimals. 

(55)  State  the  difference  between  a  fraction  and  a 
decimal. 

(56)  State  how  to  reduce  a  fraction  to  a  decimal. 


(57)     Reduce  the  following  fractions  to  equivalent  deci- 

.5. 
.875. 


mals:  i,  J,  ^,  ^,  and  ■^^. 

Ans. 


.15625. 
.65. 
L  -125. 
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(58)     Solve  the  following: 

.  ,  32.5 +  .29  + 1.5                       ,..    1.283  X  8+^ 
^-7  +  9         '  ^^)  2:63 ' 

589  +  27  X  163-8,   .  ..  40.6  +  7.1  X  (3.020-1.874) 
^^*'  25  +  39  '  ^    ^  6.27  +  8. 53  -  8.01 

{a)   2.5029. 
(*)    6.3418. 
(^)    1,491.876. 
(V)  8.1139. 


Ans. 


(59)  How  many  inches  in  .875  of  a  foot  ?       Ans.   10^  in 

(60)  What  decimal  part  of  a  foot  is  ^  of  an  inch  ? 

Ans.  .015625. 

(61)  A  cubic  inch  of  water  weighs  .03617  of  a  pound. 
What  is  the  weight  of  a  body  of  water  whos^  volume  is 
1,500  cubic  inches  ?  Ans.  54.255  lb. 

(62)  If  by  selling  a  carload  of  coal  for  182.50,  at  a  profit 
of  $1.65  per  ton,  I  make  enough  to  pay  for  72.6  ft.  of  fen- 
cing at  I;.  50  a  foot,  how  many  tons  of  coal  were  in  the  car  ? 

Ans.  22  tons. 

(63)  Divide  17,892  by  231,  and  carry  the  result  to  four 
decimal  places.  Ans.   77.4545+. 

(64)  Find  the  value  of  the  following  expression  when  the 
result  is  carried  to  three  decimal  places: 

74.26  X  24  X  3.1416  X  19  X  19  X  350 


33,000  X  12  X  4 


=  ?    Ans.  446.619—. 


(65)     Express    (a)    .7928   in    64ths;    (b)    .1416    in    32ds; 
{c)  .47915  in  16ths.  r  (a)  f^. 

Ans.  -I  (*)  ,»,. 

(0  A- 
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(66)  Work  out  the  following  examples: 

(^)   709.  G3-.  8514;    (*)  81.9G3  -  1.7;    (r)18-.18;    (d) 
l-.OOl;    (c)    872.1- (.8721 +  .008);    (/)    (5.028  +  .0073) 
-  (6. 704  -  2. 38).  f  (a)  708. 778G. 

{6)  80.263. 
(/)  17.82. 

(d)  .099. 

(e)  871.2199. 
(/).7113. 

(67)  Work  out  the  following: 

{a)  |_.807;(*)  .875-f;  (r)  (^  +  .435)  -  (^V  " -07); 
{d)  What  is  the  difference  between  the  sum  of  33-millionths 
and  17-thousandths,  and  the  sum  of  53-hundredths  and  274- 
thousandths?  f  (^a)  .068. 

(d)  .5. 

(c)   .45125. 

{d)  .786967. 


Ans. 


(68)  What  is  the  sum    of  .125,  .7,  .089,  .4005,  .9,  and 
.000027?  Ans.  2.214527. 

(69)  927.416  +  8.274  +  372.6  +  62.07938  =  ? 

Ans.   1,370.36938. 

(70)  Add  17-thousandths,  2-tenths,  and  47-millionths. 

Ans.   .217047. 

(71)  Find  the  products  of  the  following  expressions: 

{a)  .013  X  .107;    (d)  203  X  2.03  X  .203;  {c)  2.7  X  31.85  X 
(3.16- .316);  {d)  (107.8  +  6.541-31.96)  X  1.742. 

{a)  .001391. 

.         .  (*)  83.65427. 

•^  {c)  244.56978. 

{d)  143.507702. 

(72)  Solve  the  following: 

{a)    (^  -  .13)  X  .625+1;    {6)    (i|  X  .21)  -  (.02  X  A); 

(0    (V  +  -013  -  2.17)  X  13i  -  7-^.  (  {a)  .384375. 

Ans.  \{d)   .1209375. 
Ic)    6.4896876. 
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(73)  Solve  the  following: 

Ans.  ]  (i)  1.75. 
(  (c)  .5. 

(74)  Find  the  value  of  the  following  expression : 

1.25  X  20x  3 

87  +  (llx8)\ 

459  +  32  Ans.  210f 

(75)  From  1  plus  .001  take  .01  plus  .000001. 

Ans.  .'Ji)0999. 

(76)  A  cubic  inch  of  mercury  weighs  .49175  pound; 
what  is  the  weight  of  30  cubic  inches  of  the  same  ? 

Ans.  14.7525  pounds. 

(77)  The  output  of  a  certain  shaft  is  3  times  that  of  a 
slope ;  the  mine  cars  at  the  shaft  have  twice  the  capacity  of 
those  at  the  slope.  If  the  slope  sends  out  500  cars  per  day, 
what  number  of  cars  are  hoisted  from  the  shaft  ? 

Ans.  750  cars. 

(78)  If  one  inch  of  water  gauge  corresponds  to  a  pressure 
of  5.2  pounds  per  square  foot,  how  many  inches  of  water 
gauge  will  be  produced  when  the  pressure  is  increased  to 
26  pounds  per  square  foot  ?  Ans.  5  inches. 

(79)  There  are  231  cubic  inches  in  one  U.  S.  gallon. 
How  many  gallons  will  be  contained  in  a  tank  whose  capacity 
is  133.68  cubic  feet,  there  being  1,728  cubic  inches  in  one 
cubic  foot  ?  Ans.  1,000  gal.,  nearly. 

(80)  The  weight  upon  a  certain  hoisting  rope  is  as  fol- 
lows: Cage,  1,850  pounds;  mine  car,  967  pounds;  coal,  1,235 
pounds ;  the  friction  produces  a  strain  equal  to  one-fourth  of 
this  total  load.  The  weight  of  the  rope  is  .88  pound  per 
foot,  and  the  shaft  is  250  feet  deep.  Find  the  total  strain 
upon  the  upper  end  of  the  rope,  when  cage  is  at  the  bottom 
of  the  shaft.  Ans.  5,285  pounds. 

(81)  A  tank  delivers  5  gallons  of  water  per  minute  to  a 
mill  and  3  gallons  per  minute  to  a  factory.     It  is  filled  by  a 
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pump  which  discharges  800  gallons  per  hour.  The  capacity 
of  the  tank  is  2,000  gallons.  If  the  pump  works  one  hour 
and  a  half  before  the  water  is  turned  on  to  mill  and  factory, 
how  long  will  it  take  to  fill  the  tank,  supposing  it  to  have 
been  empty  at  the  start  ?  Ans.  4  hours. 

(82)  The  entire  output  of  a  coal  mine  is  900  tons  per  day. 
Of  this,  two-thirds  is  furnished  to  a  railroad,  one-fourth  to 
private  trade,  and  the  balance  supplies  team  sales.  How 
many  tons  go  to  the  railroad,  how  many  to  the  private  trade, 
and  how  many  to  team  sales  ?  r  600  tons,  railroad. 

Ans.  •<  225  tons,  private  trade. 
(    75  tons,  team  sales. 

(83)  The  output  of  a  mine  is  720  tons  per  day.  Two- 
thirds  of  the  output  is  lump  coal,  and  one-third  is  screen- 
ings. Of  the  screenings,  two-thirds  is  nut  coal  which  is  sold 
at  $1.00  per  ton,  and  one-third  is  steam  coal  which  is  sold  at 
25  cents  per  ton.  The  lump  coal  is  sold  at  $1.50  per  ton. 
What  is  the  total  income  per  day  from  coal  sales  ? 

Ans.  $900. 

(84)  The  cost  of  sinking  a  shaft  328  feet  deep  was  $7,230. 
What  was  the  average  cost  per  foot  ?  Ans.  $22.04. 

(85)  If  soft  coal  weighs  1.27  times  as  heavy  as  water,  and 
the  weight  of  a  cubic  foot  of  water  is  62.5  pounds,  what  is 
the  weight  of  a  cubic  foot  of  this  coal?    Ans.  79.375  pounds. 

(86)  If  a  cubic  foot  of  hard  coal  weighs  93.5  pounds, 
how  many  cubic  feet  are  in  a  ton  of  this  coal,  or  2,000 
pounds?  Ans.  21.39  cu.  ft. 

(87)  If  a  cubic  inch  of  water  weighs  .03617  pound,  and 
a  cubic  inch  of  mercury  .49175  pound,  how  many  cubic 
inches  of  water  will  balance  the  weight  of  one  cubic  inch 
of  mercury  ?  Ans.   13.5955  cu.  in. 

(88)  Five-eighths  of  all  the  men  employed  in  a  certain 
shaft  are  negroes,  the  remainder,  numbering  270,  being 
white  men ;  find  the  number  of  the  negroes. 

Ans.  450  negroes. 

(89)  The  average  daily  output  of  each  miner,  in  a  certain 
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slope,  is  6,000  pounds  of  coal.  If  there  are  344  miners 
at  work,  what  will  be  the  number  of  20-ton  cars  loaded  in 
one  day  at  this  mine  ?  Ans.  43  cars. 

(90)  The  output  of  a  certain  mine  for  one  day  is  as  fol- 
lows: 25  cars  lump  coal,  20  tons  each;  20  cars  lump,  16  tons 
each;  15  cars  nut,  16  tons,  and  12  cars  steam  coal,  16  tons 
each.  The  lump  coal  sells  at  $1.40  per  ton;  the  nut,  90 
cents  per  ton,  and  the  steam  coal,  25  cents  per  ton.  What 
are  the  day's  receipts  at  this  mine  ?  Ans.  $1,412. 

(91)  (a)  What  is  the  total  cost  of  1,000  4-foot  props,  and 
1,200  5-foot  props,  at  one  cent  per  running  foot  ?  {d)  What 
is  the  cost  of  2,640  caps  at  $7.50  per  thousand  ?  (c)  What 
is  the  total  cost  ?  Ans.  (c)  $119.80. 
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Ans.  2,1071b. 

Ans.  tl. 

Ans.  $175. 

Ans.  4^. 

Ans.  lOOj^. 


Ans.  " 


(92)  What  is  25  per  cent,  of  8,428  lb.  ? 

(93)  What  is  1  per  cent,  of  tlOO  ? 

(94)  What  is  ^  per  cent,  of  $35,000  ? 

(95)  What  per  cent,  of  50  is  2  ? 

(96)  What  per  cent,  of  10  is  10  ? 

(97)  Solve  the  following: 

(a)  Base  =  $2, 522  and  percentage  =  $176. 64.  What  is  the 
rate  ?  (6)  Percentage  =  16.96  and  rate  =  8  per  cent.  What 
is  the  base?  (c)  Amount  =  216.7025  and  base  =  213.5. 
What  is  the  rate?  (d)  Difference  =  201.825  and  base  = 
207.     What  is  the  rate  ?  f  (^)  7^. 

{6)  212. 

{c)  n^, 

(98)  A  farmer  gained  15^  on  his  farm  by  selling  it  for 
$5,500.     What  did  it  cost  him  ?  Ans.  $4,782.61. 

(99)  A  man  receives  a  salary  of  $950.  He  pays  24j^  of 
it  for  board,  12^^  of  it  for  clothing,  and  17^  of  it  for  other 
expenses.     How  much  does  he  save  in  a  year? 

Ans.  $441.75. 

(100)  If  37i  per  cent,  of  a  number  is  961.38,  what  is  the 
number?  Ans.  2,563.68. 

(101)  A  man  owns  }  of  a  property.  SO^  of  his  share  is 
worth  $1,125.     What  is  the  whole  property  worth  ? 

Ans.  $5,000. 

(102)  What  sum  diminished  by  35}^  of  itself  equals 
$4,810.'  Ans.  $7»40a 
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(103)  A  merchant's  sales  amounted  to  $197. 55  on  Monday, 
and  this  sum  was  12|^  of  bis  sales  for  the  week.  How  much 
were  his  sales  for  the  week  ?  Ans.  $1,580.40. 

(104)  The  distance  between  two  stations  on  a  certain 
railroad  is  1G.5  miles,  which  is  12^^^^  of  the  entire  length  of 
the  road.     What  is  the  length  of  the  road  ?   Ans.   132  miles. 

(105)  After  paying  GO^  of  my  debts,  I  find  that  I  still 
owe  935.     What  was  my  whole  indebtedness  ?    Ans.  (87.50. 

(106)  Reduce  28  rd.  4  yd.  2  ft.  10  in.  to  inches. 

Ans.  5,722  m. 

(107)  Reduce  5,722  in.  to  higher  denominations. 

Ans.  28  rd.  4  yd.  2  ft.  10  in. 

(108)  How  many  seconds  in  5  weeks  and  3.5  days  ? 

Ans.  3,326,400  sec. 

(109)  How  many  pounds,  ounces,  pennyweights,  and 
grains  are  contained  in  13,750  gr.? 

Ans.  2  lb.  4  oz.  12  pwt.  22  gr. 

(110)  Reduce  4,763,254  links  to  miles. 

Ans.  595  mi.  32  ch.  54  IL 

(111)  Reduce  764,325  cu.  in.  to  cu.  yd. 

Ans.  16  cu.  yd.  10  cu.  ft.  549  cu.  in. 

(112)  What  is  the  sum  of  2  rd.  2  yd.  2  ft.  3  in. ;  4  yd.  1  ft. 
9  in. ;  2  ft.  7  in.  ?  Ans.  3  rd.  2  yd.  2  ft.  1  in. 

(113)  What  is  the  sum  of  3  gal.  3  qt.  1  pt.  3  gi. ;  6  gal. 

1  pt.  2  gi. ;  4  gal.  1  gi. ;  8  qt.  5  pt.  ?   Ans.  16  gal.  3  qt.  2  gi. 

(114)  What  is  the  sum  of  240  gr.  125  pwt.  50  oz.  and  3  lb.  ? 

Ans.   7  lb.  8  oz.  15  pwt. 

(115)  What  is  the  sum  of  11°  16'  12' ;  13**  19'  30' ;  20°  25' ; 
26'  29';  10°  17'  11'?  Ans.  65°  19'  47'. 

(116)  What  is  the  sum  of  130  rd.  5  yd.  1  ft.  6  in. ;  215  rd. 

2  ft.  8  in. ;  304  rd.  4  yd.  11  in.  ?  Ans.  2  mi.  10  rd.  5  yd.  7  in. 

(117)  What  is  the  sum  of  21  A.  67  sq.  ch.  3  sq.  rd.  21  sq. 
li. ;  28  A,  78  sq.  ch.  2  sq.  rd.  23  sq..  li. ;  47  A.  6  sq.  ch.  2  sq. 
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rd.  18  sq.  li. ;  56  A.  59  sq.  ch.  2  sq.  rd.  16  sq.  li. ;  25  A.  38 
sq.  ch.  3  sq.  rd.  23  sq.  li. ;  46  A.  75  sq.  ch.  2  sq.  rd.  21  sq.  li.? 

Ans.  255  A.  3  sq.  ch.  14  sq.  rd.  122  sq.  li. 

(118)  From  20  rd.  2  yd.  2  ft.  9  in.  take  300  feet. 

Ans.  2  rd.  1  yd.  2  ft.  9  in. 

(119)  From  a  farm  containing  114  A.  80  sq.  rd.  25  sq.  yd., 
75  A.  70  sq.  rd.  30  sq.  yd.  are  sold.     How  much  remains  ? 

Ans.   39  A.  9  sq.  rd.  25i-  sq.  yd. 

(120)  From  a  hogshead  of  molasses,  10  gal.  2  qt.  1  pt.  are 
sold  at  one  time,  and  26  gal.  3  qt.  at  another  time.  How 
much  remains  ?  Ans.  25  gal.  2  qt.  1  pt. 

(121)  If  a  person  were  born  June  19,  1850,  how  old  would 
he  be  August  3,  1892  ?  Ans.  42  yr.  1  mo.  14  da. 

(122)  A  note  was  given  August  5,  1890,  and  was  paid 
June  3,  1892.     What  length  of  time  did  it  run  ? 

Ans.   1  yr.  9  mo.  28  da. 

(123)  What  length  of  time  elapsed  from  16  min.  past  10 
o'clock  A.  M.,  July  4,  1883,  to  22  min.  before  8  o'clock  p.  m., 
Dec.  12,  1888  ?  Ans.   5  yr.  5  mo.  8  da.  9  hr.  22  min. 

(124)  If  1  iron  rail  is  17  ft.  3  in.  long,  how  long  would  51 
rails  be,  if  placed  end  to  end  ?  Ans.  53  rd.  1^-  yd.  9  in. 

(125)  Multiply  3  qt.  1  pt.  3  gi.  by  4.7. 

Ans.  4  gal.  2  qt.  1.7  gi. 

(126)  Multiply  3  lb.  10  oz.  13  pwt.  12  gr.  by  1.5. 

Ans.  5  lb.  10  oz.  6  gr. 

(127)  How  many  bushels  of  apples  are  contained  in  9 
bbl.  if  each  barrel  contains  2  bu.  3  pk.  6  qt.  ? 

Ans.   26  bu.  1  pk.  6  qt. 

(128)  Multiply  7  T.  15  cwt.  10.5  lb.  by  1.7. 

Ans.  13  T.  3  cwt.  67.85  lb. 

(129)  Divide  358  A.  57  sq.  rd.  6  sq.  yd.  2  sq.  ft.  by  7. 

Ans.   51  A.  31  sq.  rd.  8  sq.  ft. 

(130)  Divide  282  bu.  3  pk.  1  qt.  1  pt.  by  12. 

Ans.   23  bu.  2  pk.  2  qt.  i  pt. 

(131)  How  many  iron  rails,  each  30  ft.  long,  are  required 
to  lay  a  railroad-track  23  miles  long  ?  Ans.   8,096  rails. 
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(132)  How  many  boxes,  each  holding  1  bu.  1  pk.  and  7 
qt.,  can  be  filled  from  356  bu.  3  pk.  and  6  qt.  of  cranberries  ? 

Ans.   243  boxes. 

(133)  If  16  square  miles  are  equally  divided  into  62  farms, 
how  much  land  will  each  contain  ? 

Ans.   165  A.  25  sq.  rd.  24  sq.  yd.  3  sq.  ft.  80  +  sq.  in. 

(134)  What  is  the  square  of  108  ?  Ans.   11,664. 

(135)  What  is  the  cube  of  181.25?  Ans.   5,954,345.703125. 

(136)  What  is  the  fourth  power  of  27.61  ? 

Ans.   581,119.73780641. 

(137)  Solve  the  following:  (a)  106^  (/;)(182i)';  (r).005*; 
{d).00(J3';  {e)  10.06\  f  {a)  11,236. 

(b)  33,169.515625. 
Ans.  <    {c)  .000025. 

(^).  00003969. 
^  (e)  101.2036. 

(138)  Solve  the  following:  (a)  753';  (*j  987.4';  {c)  .005'; 
{d)  .4044'.  f  (a)  426,957,777. 

{6)   962,674,279,624. 
{c)   .000000125. 
(d)   .066135317184. 

(139)  What  is  the  fifth  power  of  2  ?  Ans.  32. 

(140)  What  is  the  fourth  power  of  3  ?  Ans.  81. 

(141)  What  are  the  values  of:  (a)  67.85";  (b)  967,845'? 

(0(t)'?  (^)(ir?  r   (a)  4,603.6225. 

(b)  936,723,944,025. 

(0   At. 
^  (^)  iV. 

(142)  What  is  {a)   the   tenth  power  of  5  ?  (b)   the  fifth 
power  of  9  ? 


Ans. 


Ans. 


Ans.  j  g  ^>'^^'^^^- 
(  (b)  59,049. 


(143)     Solve  the   following:     {a)  1.2*;    (b)  IV;    {c)   V; 


{d).OV;  {e).V. 


Ans. 


(a)  2.0736. 

(b)  1,771,561. 
{c)  1. 
(d)  .00000001. 

(r)  .00001. 
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(144)     Find  the  values  of  the  following:  {a)  .0133\-  {d) 

(a)   .000002352037. 

(d)  27,273,800.942204331. 


SOl.Oir;  (c)  ay;  {d)  (3f)'. 

Ans.  -I 


TT7- 


(0 

{({)  6m,  or  52.734375. 


Ans.  -" 


(145)  In  what  respect  does  evolution  diffei  from  involu- 
tion ? 

Note. — In  the  answers  to  the  following  examples,  a  minus  sign  after 
a  number  indicates  that  the  last  digit  is  not  quite  as  large  as  the  number 
printed.  Thus,  12.497—  indicates  that  the  number  really  is  12.496  +  , 
and  that  the  6  has  been  made  a  7  because  the  next  succeeding  figure 
was  5  or  greater.  For  example,  had  it  been  desired  to  use  but  three 
decimal  places  in  example  137  (/^),  the  answer  would  have  been  written 
83,169.518-. 

(140)     Find  the  square  root  of  the  following:  {a)  3,486,- 

784.401;  {b)  9,000,099.4009;  (c)  .001225. 

(  {a)  1,867.29+. 

Ans.  \  \b)  3,000.017  -. 

(  \c)   .035. 

(147)  Extract  the  square  root  of  {a)  10,795.21;  {b) 
73,008.04;  {c)  90;  {d)  .09.  f  (^)  io3.9. 

\b)  270.2.^ 
\c)   9.487-. 
{d)  .3. 

(148)  Extract  the  cube  root  of  {a)  .32768;  (*)  74,088; 
ic)  92,416;  {d)  .373248.  f  {a)   .6894+. 

{b)    42. 
\c)    45.212-. 
{d)   .72. 

(149)  Extract  the  cube  root  of  2  to  six  decimal  places. 

Ans.  1.259921 +. 

(150)  Extract  the  cube  root  of  {a)  1,758.416743;  {b) 
1,191,016;  {c)  •^;  (d)  ^\,  {   (^)   12.07. 

(*)    106. 

(^)  i 
(161)     Extract  the  cube  root  of  3  to  six  decimal  places. 

Ans.  1.442250 -, 


Ans.  ^ 


Ans.  -« 
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(152)     Solve    the    following:    (a)i^l23.21;  (*)t^ll4.921; 


{c)  4/502,081;  {d)  i/.  00041209. 


Ans.  H 


(^j)  11.1. 

(6)  10.72+. 

(^r)  709. 

(d)  .0203. 


(153)  Solve     the    following:     {a)    f^.O()65;     (*)    ^^^021; 

{c)   f'8,036,064,027-,    (d)   V- 000004096;    {t)   1/17. 

r   (^?)   .18663—. 
(*)   .2759—. 
Ans.  \    (c)   2,003. 
(d)  .016. 
(<')    2.5713—. 

(154)  Solve    the    following:    (a)   f^^G^SOr;    (*)f^ll7,649; 


(c)  f. 000064;    {d)  f^. 


Ans. 


(a)  9. 

(//)  .72112+. 


(155)  Extract  the  square  root  of  {a)   |Hi;  {6)  .3364; 
(c)  .1;  {d)  25.0i;  C/')  .OOOf  f  (a)  «. 

(*)    .58. 
Ans.  \    (c)    .31623-. 

(d)  5.00749 +. 

(e)  .02108+. 

(156)  (a)  Extract  the  fourth  root  of  2  to  four  decimal 

places ;  (d)  extract  the  sixth  root  of  6. 

(  (a)    1.1892+. 

^^^'  I   (d)    1.34801 -. 

(157)  Extract  the  square  root  of  (a)  3.1416  and  (*)  .7854 
to  four  decimal  places. 


Ana 


•I 


(a)  1.7725 -. 

(b)  .8862+. 

(158)     Extract  the  cube  root  of  {a)  3.1416  and  (b)  .5236 

to  four  decimal  places.  ^ (  (a)  1.4646—. 

(b)  .8060-. 


Ans 


■{ 
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Find  the  value  of  x  in  the  following: 


(159) 
(160) 


(161) 


11.7  :  13::  20  :  x,  Ans.  22.22+. 

(a)  20  +  7  :  10  +  8::3  \  x\  {b)  12'  :  100»::4:  jr. 

Ans  \  (^)  ^• 

^1  (b)  277.7+. 

(^>:?=2l'    (*>24  =  l6'    (^>  10  =  100'^^)  45  = 


60     ,  .    10  _   ;r 
;r'  ^^^  150  ""600* 


'  (^)  .r=12. 

\b)   4r  =  12. 

Ans.  ^    (^)   X  =  20. 

(rf)  ;r  =  180. 

{J)    ;r=40. 

Ans.  10|. 

Ans.  18. 


Ans.  20. 

Ans.  36. 

Ans.  29.7* 

Ans.  23.625. 

Ans.  14. 


(162)  ;r  :  5::27  :  12.6. 

(163)  45  :  60::;r  :  24. 

(164)  ;r:35::4:7. 

(165)  9:jr::6:24. 

(166)  t^i;;000  :  f'T;^3r  =  27  :  ;r. 

(167)  64  :  81  =  21*  :  x!". 

(168)  7  +  8  :  7  =  30  :  ;ir. 

(169)  A  man  whose  steps  measure  2  ft.  6  in.  takes  2,480 
steps  in  walking  a  certain  distance.  How  many  steps  of  2 
ft.  7  in.  will  be  required  for  the  same  distance  ? 

Ans.  2,320  steps. 

(170)  If  a  horse  travels  12  mi.  in  1  hr.  36  min.,  how  far 
will  he  travel  at  the  same  rate  in  15  hr.  ?        Ans.  112.5  mi. 

(171)  If  a  column  of  mercury  27.63  in.  high  weighs  .76 
of  a  pound,  what  will  be  the  weight  of  a  column  of  mercury 
having  the  same  diameter,  29.4  inches  high  ?    Ans.  .808  +  lb. 

(172)  If  2  gal.  3  qt.  1  pt.  of  water  will  last  a  man  5  da., 
how  long  will  5  gal.  3  qt.  last  him,  if  he  drinks  at  the  same 
rate  ?  Ans.  10  da. 

(173)  If  6  men  by  working  8  hours  a  day  can  do  a  cer- 
tain amount  of  work,  how  many  men  by  working  10  hours  a 
a  day  can  do  the  same  work  ?  Ans.  4  men. 

(174)  If  a  man  travel  540  miles  in  20  days  of  10  hours 
each,  how  many  hours  a  day  must  he  travel  to  cover  630 
miles  in  25  days  ?  Ans.  9 J  hr. 
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(175)  In  the  ventilation  of  a  mine,  the  ventilating  pres- 
sure varies  as  the  square  of  the  quantity  of  air  passing,  for 
any  particular  airway.  If  a  pressure  of  8  pounds  per  square 
foot  will  pass  10,000  cubic  feet  of  air  per  minute  in  a  certain 
airway,  what  pressure  will  be  required  to  double  this  amount 
of  air  ?  Ans.   32  lb.  per  sq.  ft. 

(17G)  If  400  hoists  are  made  in  10  hours  from  a  shaft  600 
feet  deep,  how  many  hoists  can  be  made  in  8  hours  from  a 
shaft  320  feet  deep,  the  speed  of  hoisting  being  the  same  in 
each  case?  Ans.  600  hoists. 

(177)  In  a  ventilating  current  the  power  required  to 
circulate  the  current,  in  any  airway,  variesas  thecube  of  the 
quantity  of  air  in  circulation.  If,  then,  it  requires  16 
horsepower  to  circulate  20,000  cubic  feet  of  air,  in  a  certain 
airway,  per  minute,  what  power  will  be  required  to  circulate 
30.000  cubic  feet  per  minute,  in  the  same  airway  ? 

Ans.  54  horsepower. 


FORMULAS. 


A  =    5  //  =  200 

B  =  10  x=    12 

i  =    3.0  D=  120 

Work  out  the  solutions  to  the  following  formulas,  using 
the  above  values  for  the  letters: 

D--X 


178 
179 
180 


181 

182 
183 

184 
185 


18G 


C  = 


B  +  r 


a=44±^+2). 


r  = 


'Zx  +  a 

Ax  +  /t' 
Ai-B 


u  =V- 


AD 


t  B  +  1.5' 


Bx 


.00018 //(y4'-^)" 

.  _  10  (ji  -  py 

^  ~    ^D  +  A   ' 
^~        A' -(!  +  £>) 


\/Ah' 


T  = 


h  +  ^{A^--B)^ 
S3 


Ans.   C=%, 


Ans.   G=167i. 
Ans.  r=  187.269  •{-. 


Ans.   z/  =  4.05+. 

Ans.   //  =  6.35+. 
Ans.  /=  12,800. 

Ans.  g=b. 
Ans.  /'=  7.071 +. 


Ans.    T  =  10. 


Geometry  and  Trigonometry. 


(273)  If  one  of  the  angles  formed  by  one  straight  line 
meeting  another  straight  line  equals  ^  of  a  right  angle,  what 
is  the  other  angle  equal  to?  Ans.  1|  right  angles. 

(274)  If  a  number  of  straight  lines  meet  a  given  straight 
line  at  a  given  point,  all  being  on  the  same  side  of  the  given 
line,  so  as  to  form  six  equal  angles,  what  is  the  size  of  one 
angle?  Ans.  J  of  a  right  angle. 

(275)  The  diametrical  pitch  of  a  gear  wheel  is  the  num- 
ber of  teeth  in  the  wheel  divided  by  the  diameter  of  the 
wheel.  If  the  pitch  is  4,  and  the  diameter  of  the  gear  is  12 
inches,  what  is  the  size  of  an  angle  formed  by  drawing  lines 
from  the  center  to  the  middle  points  of  two  adjacent  teeth? 

Ans.  ^V  of  ^  right  angle. 

(276)  If  a  triangle  has  two  equal  angles,  what  kind  of  a 
triangle  is  it? 

(277)  In  an  equilateral  heptagon  one  of  the  sides  equals 
3  inches ;  what  is  the  length  of  the  perimeter?     Ans.  21  in. 

(278)  The  perimeter  of  a  regular  decagon  is  40  inches; 
what  is  the  length  of  a  side?  Ans.  4  in. 

(279)  What  is  one  angle  of  a  regular  dodecagon  equal  to? 

Ans.  If  right  angles. 

(280)  A  triangle  has  three  equal  angles ;  what  is  it  called? 

(281)  Can  a  triangle  be  formed  with  three  lines  whose 
lengths  are  20  inches,  7  inches,  and  4  inches?  Give  reasons 
for  your  opinion. 

(282)  Can  a  quadrilateral  be  formed  with  lines  whose 
lengths  are  12  inches,  9  inches,  4  inches,  and  7  inches?  Give 
reasons. 
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(283)  A  certain  triangle  has  two  equal  angles.  If,  from 
the  vertex  of  the  other  angle,  a  perpendicular  is  drawn  to 
the  side  opposite,  which  is  7  inches  long,  what  are  the 
lengths  of  the  two  parts  of  the  side  thus  divided  by  the 
perpendicular? 

(284)  The  shortest  distance  from  a  given  point  to  a  given 
line  is  9  inches;  the  distances  from  this  point  to  the  two  ex- 
tremities of  the  line  are  12  inches  and  15  inches;  what  is  the 
length  of  the  line?  Ans.   19.94  in. 

(285)  The  sum  of  two  angles  of  a  right-angled  triangle 
is  J  of  a  right  angle;  what  is  the  other  angle  equal  to? 

Ans.  J  of  a  right  angle. 
(280)     What  is  one  of  the  angles  of  an  equiangular  octa- 
gon equal  to?  Ans.   1^  right  angles. 

(287)  In  a  right-angled  triangle  one  acute  angle  equals 
f  of  a  right  angle;  what  is  the  other  angle  equal  to? 

Ans.  f  of  a  right  angle. 

(288)  Given,  three  points,  A,  B,  and  C,  and  the  distance 
from  A  to  B  equal  to  1^  inches,  from  B  to  C  1^  inches,  and 
from  C  to  A  2  inches ;  pass  a  circle  through  these  three 
points. 

(289)  The  chord  of  an  arc  in  a  circle  whose  radius  is  6 
inches  is  4  inches  long ;  what  is  the  length  of  the  chord  of 
half  the  arc?  Ans.   2.03  in. 

(290)  If  the  diameter  of  the  circle  in  the  last  problem 
had  been  6  inches,  what  would  have  been  the  length  of  the 
chord  of  half  the  arc?  Ans.   2.14  in. 

(291)  The  diameter  of  a  plane  section  of  a  sphere  is  6 
inches,  and  its  height  is  2  inches;  what  is  the  diameter  of 
the  sphere?  Ans.   6^  in. 

(292)  The  length  of  a  perpendicular  from  the  center  of 

a  circle  to  a  chord  is  5 J  inches ;  if  the  diameter  of  the  circle 

is  17  inches,  what  is  the  length  of  the  chord? 

Ans.   12.52  in. 

(293)  The  sides  of  an  inscribed  angle  intercept  three- 
fourths  of  the  circumference ;  how  many  quadrants  are  there 
in  the  angle?  Ans.   1^  quadrants. 
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(294)  How  many  equal  sectors  are  there  in  a  circle,  if 
each  sector  measures  f  of  a  right  angle?       Ans.   14  sectors. 

(295)  If  the  perimeter  of  a  regular  inscribed  octagon  is 
24  inches,  and  the  length  of  the  perpendicular  from  the 
center  to  one  of  the  sides  is  3. 62  inches,  what  is  the  diameter 
of  the  circle  in  which  the  octagon  is  inscribed? 

Ans.   7.84  in. 

(296)  Two  equal  circles  intersect  so  that  the  common 
chord  of  the  two  arcs  of  intersection  measures  lOJ-  inches. 
If  the  circles  are  struck  with  a  13-inch  radius,  what  is  the 
greatest  distance  between  the  two  intersecting  arcs  ? 

Ans.  2.2  in. 

(297)  In  the  last  example,  if  the  radius  of  one  circle  is  13 
inches,  and  of  the  other  8  inches,  what  is  the  greatest  dis- 
tance between  the  arcs  ?  Ans.   3.07  in. 

(298)  If  the  height  of  a  plane  section  of  a  sphere  is  3J 
inches,  and  the  diameter  of  the  sphere  is  14  inches,  what  is 
the  diameter  of  the  flat  surface  of  the  section  ? 

Ans.  11.82  in. 

(299)  What  part  of  a  circle  is  an  arc  of  19°  19'  19'  ?  Ex- 
press  it  decimally.  Ans.  .053672  of  a  circle. 

(300)  What  part  of  a  quadrant  would  an  angle  of  19°  19' 
19'  be  ?     Express  it  decimally.     Ans.   .214688  of  a  quadrant. 

(301)  A  regular  decagon  is  inscribed  in  a  circle  whose 
diameter  is  23  inches ;  what  is  the  perimeter  of  the  decagon  ? 

Ans.  71  in.,  nearly. 

(302)  What  is  the  difference  between   90°  and   35°   24' 

25.8'? 

(303)  In  a  right-angled  triangle  A  B  Cy  the  hypotenuse 
A  B=  17.69  feet,  and  the  side  A  C=  9  ft.  9  in. ;  find  the 
other  three  parts.  (  56°  33'  15'. 

Ans.  ]  33°  26'  45'. 
( 14  ft.  9  in. 

(304)  Add  159°  27'  34.6',  25°  16'  8.7',  and  3°  48'  53'. 

(305)  Find  the  sine,  cosine,  and  tangent  of  17°  27'  37'. 
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(306)  In  a  triangle  A  B  C,A  ^  =  26  feet  7  inches,  A  C 
=  40  feel,  and  the  included  angle  A  =  36°  20'  43' ;  find  the 
remaining  parts.  r  C=  40°  16'  53'. 

Ans.  3  B  -  103°  22'  24'. 
(  J?C=24ft.  4.4  in. 

(307)  Find  the  sine,  cosine  and  tangent  of  63°  4'  51.8'. 

(308)  Sine  =  .  27038,  cosine  =  .  27038,  and  tangent  = 
2.27038;  find  the  corresponding  angles. 

(309)  ,A  polygon  of  eleven  sides  is  called  an  undecagon. 
If  a  regular  undecagon  whose  perimeter  is  4  feet  3  inches 
be  inscribed  in  a  circle,  what  is  the  size  of  an  angle  formed 
by  drawing  radii  to  the  extremities  of  one  of  the  sides  ? 
Also,  what  is  the  radius  of  the  circle  ? 

Ans.  j  55  38.2'. 

(  Radius  =  8. 23  m. 

(310)  One  angle  of  a  triangle  is  47°  13'  29' ;  what  are  the 
other  two  angles  if  one  of  them  is  twice  the  given  angle  ? 

Ans   i  38' 19' 33'. 
^        (  94°  26'  58'. 

(311)  One  angle  of  a  triangle  is  75°  48'  17';  what  are  the 
other  two  angles  if  one  of  them  is  half  as  large  as  the  given 

angle?  Ans.  \  ^'y[^-'\ 

\  66°  17' 34.5'. 

(312)  In  a  triangle  ABC,  the  side  A  B=:16  feet  5 
inches;  the  side  B  C=ld  feet  64-  inches,  and  the  angle  A 
=  54°  54'  54' ;  find  the  remaining  parts. 

r  i?  =  42°  19'  36'. 
Ans.  ]  C  =  82°  45'  30'. 

(AC==lltt.  liin. 

(313)  If  one-third  of  an  angle  of  a  certain  triangle  =  14® 

47'  10',  what  are  the  angles,  one  of  the  other  two  being  two 

and  one^half  times  the  given  angle  ? 

24°  44'  45'. 

Ans.  I  44°  21'  30.' 

110^  53'  45'. 
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(314)  In  a  right-angled  triangle  A  B  C^  the  two  sides  are 
437  feet  and  792  feet  in  length ;  find  the  hypotenuse  and  the 
two  acute  angles.  c  28°  53'  18'. 

Ans.  ]  61°  6'  42'. 
(  904  ft.  6i  in. 

(315)  Find  by  trigonometry  and  prove  by  geometry  that 
the  angle  between  two  adjacent  sides  of  a  regular  octagon 
inscribed  in  a  circle  is  135°.  If  the  perimeter  of  the  octagon 
is  56  feet,  what  is  the  diameter  of  the  circle  ? 

Diameter  =18  feet  3^  inches. 

(316)  Draw  a  diagram  showing  the  sine,  cosine,  and 
tangent  of  67°  8'  49'. 

(317)  Given,  the  tangent  of  a  certain  angle  =  3. 
{a)  Draw  a  diagram  showing  an  angle  having  this  tangent, 
and  mark  its  sine  and  cosine.  (^)  Give  their  values  from 
the  tables. 

(318)  If  the  cosine  of  an  angle  is  .39278,  what  are  the 
actual  lengths  of  the  cosine,  tangent,  and  sine  of  the  same 
angle  in  a  circle  whose  diameter  is  4J  times  as  large  ? 

(319)  In  a  triangle  ABC,  the  angle  A  =  29°  21';  angle 
C=  76°  44'  18',  and  the  side  AC=z'dl  feet  10  inches;  find 
the  other  three  parts.  c  B  C  =  16  it,  3  in. 

Ans.  ]  ^  ^  =  32  ft.  3  in. 
(b=73°  54'  42'. 

(320)  A  regular  decagon  is  inscribed  in  a  circle  whose 
radius  is  9 J  inches ;  what  is  the  perimeter  of  the  decagon  ? 

Ans.  60.26  inches. 

(321)  In   the   above    question,  what  is    the    difference 

between  the  perimeter  of  the  decagon  and  the  circle ;  also, 

what  is  the  difference  of  their  areas  ?         .         C  1  in. 

Ans.  i  ^^  ^^ 

I  19.26  sq.  in. 

(322)  The  area  of  a  circle  is  89.42  square  inches;  what  is 
its  diameter  and  circumference  ?  What  is  the  length  of  a 
side  of  the  largest  regular  hexagon  that  could  be  inscribed 
in  it  ?  Length  of  side  =  5.335  in. 

(323)  The  distance  between  two  parallel  sides  of  a 
wrought  iron  octagon  bar  is  2  inches;  what  is  the  weight  of 
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a  bar  10  feet  long,  a  cable  inch  of  wrcmght  iron  weighing 
0.282  pound  ?•  Ans.  112  lb.  2  ox. 

(324)  The  outside  and  inside  diameters  of  a  cast  iron 
spherical  shell  are  16  inches  and  12  inches;  what  is  its 
weight,  a  cubic  inch  of  cast  iron  weighing  0.261  pound  ? 

Ans.  323.61  lb. 

(325)  The  length  of  an  arc  of  a  circle  is  5|f  inches  by 
measurement.  If  the  number  of  degrees  in  the  arc  is  27, 
what  is  the  diameter  of  the  circle?  Ans.  22.95  in. 

(326)  What  is  the  difference  between  a  plane  figure  con- 
taining 7  square  inches  and  one  7  inches  square  ?  If  both 
figures  are  perfect  squares,  what  are  the  lengths  of  the 
sides  ? 

(327)  (a)  What  is  the  area  of  a  circle  whose  diameter  is 
17^f  inches  ?  {b)  What  is  the  length  of  an  arc  of  16**  7'  21' 
in  the  above  circle  ?  Ans.  Length  of  the  arc  =  2.394  in. 

(328)  What  is  the  area  of  an  ellipse  whose  axes  are  12 
inches  and  8  inches  ?    What  is  its  perimeter  ? 

(329)  What  is  the  entire  surface  of  a  cone  whose  base  is 

7  inches  in  diameter,  and  whose  altitude  is  11  inches  ? 

Ans.  165.41  sq.  in. 

(330)  What  is  the  height  of  a  cone  having  the  same 
volume  and  diameter  as  a  10-inch  sphere  ?  Ans.  20  in. 

(331)  What  is  the  height  of  a  cylinder  having  the  same 
volume  and  diameter  as  a  12-inch  sphere  ?  Ans.  8  in. 

(332)  (a)  What  is  the  area  of  a  triangle  whose  base  is  9^ 
inches,  and  whose  altitude  is  12  inches  ?  (i)  If  the  angle 
which  one  side  forms  with  the  base  is  79**  22',  what  is  the 
perimeter  of  the  triangle  ?  Ans.  Perimeter  =  35.73  in, 

(333)  The  diagonal  of  a  trapezium  is  11  inches;  the 
lengths  of  the  perpendiculars  from  the  opposite  vertexes 
upon  this  diagonal  are  4^-  inches  and  7  inches;  what  is  the 
area  of  the  trapezium  ? 

(334)  The  length  of  a  chord  of  a  segment  in  a  circle 
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whose  diameter  is  10  inches  is  6f  inches;  what  is  the  area 
of  the  segment  and  the  number  of  degrees  innts  arc  ? 

.         (  84°  54'  28. 6'. 
^''^'   (  6.074  sq.  in. 

(335)  What  is  the  convex  area  of  a  pyramid  whose  slant 
height  is  17  inches,  the  perimeter  of  its  base  being  63 
inches  ? 

(336)  What  is  the  volume  and  entire  area  of  a  frustum 
of  a  cone  whose  upper  base  is  12  inches  and  lower  base  is  18 
inches  in  diameter,  and  whose  altitude  is  14  inches  ? 

^.         (  2,506.84  cu.  in. 


(  2,506. 
*•   (  1,042. 


3  sq.  in. 

(337)  What  is  the  area  of  the  surface  of  a  sphere  27 
inches  in  diameter  ?  Ans.  2,290.2  sq.  in. 

(338)  Wishing  to  make  some  dumb-bells  to  weigh  20 
pounds  each  exclusive  of  the  handle,  the  balls  to  be  equal 
spheres,  what  must  be  the  diameter  of  the  balls,  a  cubic 
inch  of  cast  iron  weighing  0.261  pound  ?  Ans.  4.18  in. 

(339)  What  is  the  volume  of  an  engine  cylinder,  in  cubic 
feet,  whose  diameter  is  19  inches,  and  whose  stroke  is  24 
inches?  Ans.  3.938  cu.  ft. 

(340)  The  chord  of  the  arc  of  a  segment  is  14  inches 
long,  and  the  height  of  the  segment  is  2  inches ;  what  is  the 
radius  ?  Ans.  13^^  in. 

(341)  The  cylinders  of  a  compound  engine  are  19  and  31 
inches  in  diameter,  and  the  stroke  is  24  inches ;  if  the  clear- 
ance at  each  end  in  the  small  cylinder  is  14^  of  the  stroke, 
and  in  the  large  cylinder  8^  of  the  stroke,  (a)  what  is  the 
total  volume  in  cubic  feet  of  the  steam  in  the  small  cylinder 
during  one  stroke  ?  {6)  In  the  large  cylinder  ?  (c)  What 
is  the  ratio  between  the  two  ?  .    f  4.489  cu.  ft. 

Ans.  -j  11.321  cu.  ft. 

(  Ratio  =  2.522  :  1. 

(342)  In  the  above  example  the  pipe  which  connects  the 
small  or  high-pressure  cylinder  to  the  large  or  low-pressure 
cylinder  is  8  inches  in  diameter  and  7  feet  long,     (a)  What 
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is  its  volume  in  cubic  feet  ?     {d)  What  is  the  ratio  of  its 
volume  to  that  of  the  high-pressure  cylinder  ? 

j  2. 443  cu.  ft. 
^^^'  \  Ratio  =  0. 544  :  1. 

(343)  (a)  What  is  the  volume  and  area  of  a  cylindrical 
ring  whose  outside  diameter  is  16  inches  and  inside 
diameter  13  inches  ?  {d)  If  made  of  cast  iron,  what  is  its 
weight  ?  Ans.  Weight  =  21  lb. 

(344)  If  all  the  dimensions  in  Fig.  91,  Art.  790,  be 
doubled,  what  will  be  its  area  ?  Ans.  453.92  sq.  in. 

(345)  The  altitude  of  a  parallelopipedon  is  18  inches;  its 
base  is  a  square,  one  edge  measuring  5^  inches;  what  is  its 
convex  area,  entire  area,  and  volume  ?  /  378  sq.  in. 

Ans.  }  433. 125  sq.  in. 
(496.125  cu.  in. 

(346)  What  is  the  convex  area  and  entire  area  of  a  hex- 
agonal pyramid,  the  slant  height  being  37  feet,  and  one  edge 
of  the  base  measuring  12  feet  ?  *         ( 1,332  sq.  ft. 

*  ( 1,706.112  sq.  ft. 

(347)  If  the  altitude  of  the  pyramid  in  the  last  problem 
had  been  37  feet,  what  would  have  been  its  volume  ? 

Ans.  4,614  cu.  ft. 

(348)  How  many  yards  of  Brussels  carpeting,  27  inches 
wide,  will  it  take  to  cover  a  room  15  feet  by  18  feet  ? 

Ans.  40  yd. 

(349)  How  many  square  yards  of  plaster  will  it  take  to 
cover  the  sides  and  ceiling  of  a  room  16  X  20  feet,  and  11 
feet  high,  with  four  windows,  each  7x4  feet,  and  three 
doors,  each  9x4   feet  over   all,  the   baseboard   coming   6 

« 

inches  above  the  floor  ?  Ans.  95J  sq.  yd. 

(350)  What  is  the  area  of  a  sector  if  the  chord  of  the  arc 
is  6  J  inches  long,  and  the  diameter  of  the  circle  is  10  inches  ? 

Ans.  18.95  sq.  in. 

(351)  What  is  the  area  in  square  feet  of  a  parallelogram 
whose  base  is  129  inches  long,  if  the  shortest  distance 
between  the  base  and  side  opposite  is  7  feet  ? 
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(352)  The  parallel  sides  of  a  trapezoid  are  15  feet  7  inches, 
and  21  feet  11  inches  long;  the  altitude  is  7  feet  8  inches. 
{a)  What  is  the  area  of  the  trapezoid  ?  {d)  What  is  the 
length  of  a  side  of  an  equilateral  triangle  having  the  same 
area?  ^^^   j  143.75  sq.  ft. 

*  1 18  ft.  2.64  in. 

(353)  (a)  What  would  be  the  length  of  a  side  of  a 
square  having  the  same  area  as  the  trapezoid  in  the  last 
problem  ?  (d)  The  diameter  of  a  circle  ?  (c)  How  much 
shorter  is  the  circumference  of  the  circle  than  the  perimeter 
of  the  square  ?  1 11.99  ft. 

Ans.  ]  13|  ft. 

(5  ft.  6.6  in. 

(354)  In  a  triangle  A  B  CyA  B=24:  feet,  B  C=ll  feet 
8  inches,  and  A  C=  IS  feet;  required,  the  three  angles. 

A  =  26°  28'  5'. 
Ans.  -(  ^  =  45°  29'  23'. 
C  =  108°  2'  32'. 


GASES  MET  WITH  IN  MINES. 


(355)  What  is  chemistry  ? 

(356)  What  is  the  difference  between  an  atom  and  a 
molecule  ? 

(357)  By  what  means  can  we  determine  the  volume  of 
gases  resulting  from  any  given  chemical  reaction  ? 

(358)  What  is  meant  by  the  density  of  air,  and  at  what 
height  above  sea-level  is  it  one-half  as  great  as  at  the 
sea-level  ? 

(359)  Which  is  the  more  dense,  marsh-gas  or  carbonic 
acid  gas,  and  why  ? 

(360)  What  is  specific  gravity,  and  what  are  the  stand- 
ards or  units  of  me^isure  used  {a)  for  solids  and  liquids  ? 
(6)  for  gases  ? 

(361)  If  a  cubic  foot  of  slate  weighs  172  pounds,  what  is 
its  specific  gravity  ?  Ans.  2.8. 

(362)  What  is  the  difference  between  an  element  and  a 
compound  ? 

(363)  What  effect  has  the  force  of  repulsion  on  matter  ? 

(364)  Describe  the  principle  of  the  barometer. 

(365)  What  is  firedamp,  and  what  are  its  properties  ? 

(366)  What  is  meant  by  diffusion  of  gases  ? 

(367)  Name  the  principal  gases  formed  when  a  charge  of 
powder  is  exploded. 

(368)  What  is  the  difference  between  mass  and  volume  ? 

(369)  If  the  specific  gravity  of  anthracite  coal  is  1.5, 
what  will  a  cubic  yard  of  it  weigh  ?  Ans.  2,531.25  lb. 

§5 


2  GASES  MET  WITH  IN  MINES.  §  5 

(370)  Is  brine,  or  salt  water,  a  chemical  compound  or  a 
mechanical  mixture  ? 

(371)  What  is  atomic  weight,  and  how  does  it  differ  from 
the  ordinary  meaning  of  weight  ? 

(372)  What  is  a  chemical  equation  ? 

(373)  What  is  a  compound  substance  ? 

(374)  Define  the  British  Thermal  Unit. 

(375)  What  is  a  vacuum  ? 

(376)  Why  is  it  difficult  to  pull  two  flat  wet  pieces  of 
glass  apart  ? 

(377)  What  is  meant  by  tension  of  gases,  and  what 
effect  has  compression  on  confined  gas,  the  temperature 
remaining  the  same  ? 

(378)  If  8  cubic  feet  of  air  have  a  tension  of  6  pounds 
per  square  inch,  what  will  be  the  volume  when  the  tension 
is  80  pounds  per  square  inch,  the  temperature  remaining 
the  same  ?  Ans.   .6  cu.  ft. 

(379)  What  effect  has  temperature  on  the  volume,  when 
the  pressure  remains  the  same  ? 

(380)  Of  what  is  marsh-gas  a  product,  and  what  are  its 
properties  ? 

(381)  How  is  firedamp  detected  in  the  mine  ? 

(382)  Explain  what  is  meant  by  **  occluded  gas." 

(383)  What  is  the  weight  of  300  cubic  feet  of  carbonic 
acid  gas  at  a  temperature  of  70°  F.,  barometer  30  inches  ? 

Ans.  34. 48  lb. 

(384)  What  are  the  two  principal  classes  of  explosives  ? 

(385)  What  causes  blown-out  and  ivindy  shots  ? 

(386)  What  conditions  influence  and  determine  the 
character  of  an  explosion  of  gas  in  a  coal-mine  ? 

(387)  What  is  a  safety-lamp  ?  State  the  principle  of  its 
action. 

(388)  Upon  what  does  the  force  of  a  gas  explosion 
depend  ? 
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(389)  What  produces  white  damp,  what  is  its  effect  on 
human  life,  and  how  may  it  be  detected  ? 

(390)  What  are  the  most  common  causes  of  the  ignition 
of  gas  in  mines  ? 

(391)  What  are  the  Sprengel  explosives,  and  what 
peculiar  good  feature  do  they  possess  ? 

(392)  What  causes  tend  to  lessen  the  heat  of  an  explosion  ? 

(393)  If  20  cubic  feet  of  air  at  a  temperature  of  60°  F., 
and  a  pressure  of  one  atmosphere,  are  compressed  to  12 
cubic  feet  (the  temperature  still  remaining  at  60°  F.),  what 
will  the  compressed  air  weigh  per  cubic  foot  ?    Ans.  .  1272  lb. 

(394)  Name  the  three  general  classes  of  detonating 
explosives. 

(395)  If  a  volume  of  3  cubic  feet  of  air  is  under  a  pres- 
sure of  36  pounds  per  square  inch,  what  will  the  pressure 
be  when  the  volume  is  increased  to  4  cubic  feet  ? 

Ans.  27  lb.  per  sq.  in. 

(396)  What  causes  sudden  outbursts  of  gas  ? 

(397)  Which  is  the  better  blasting  powder:  that  com- 
posed of  potassium  nitrate,  sulphur,  and  carbon,  or  that 
composed  of  sodium  nitrate,  sulphur,  and  carbon  ? 

(398)  What  is  spontaneous  combustion  ? 

(399)  How  many  kinds  of  barometers  are  there  ? 

(400)  Give  the  composition  of  the  atmosphere  about  us. 

(401)  What  is  oxidation  ? 

(402)  How  many  B.  T.  U.  are  produced  by  burning  2,000 
pounds  of  bituminous  coal  ?  Ans.  28,800,000  B.  T.  U. 

(403)  What  is  the  difference  between  deflagration  and 
detonation  ? 

(404)  What  is  the  result  of  combustion  ? 

(405)  Explain  the  result  of  mixing  two  liquids  which  do 
not  act  chemically  upon  each  other,  and  which  have  different 
densities;  also,  explain  the  result  of  mixing  two  gases  which 
do  not  act  chemically  upon  each  other,  and  which  have 
different  densities. 


4        GASES  MET  WITH  IN  MINES.       §  5 

(406)  Give  the  symbols  of  {a)  water;  (d)  marsh-gas;  (c) 
carbonic  acid  gas;  (d)  carbonic  oxide  gas.  State  the  ad- 
vantage of  adopting  such  a  system  of  symbols. 

(407)  What  is  atomic  volume  ? 

(408)  What  weight  of  carbonic  acid  gas  will  be  produced 
by  burning  300  pounds  of  coal  containing  88^  of  carbon  ? 

Ans.  968  lb. 

(409)  What  is  dissociation  ? 

(410)  Explain  (a)  the  force  that  binds  atoms  together; 
(i)  the  force  that  binds  molecules  together. 

(411)  A  piece  of  iron  weighs  10  pounds  when  weighed  in 
air,  and  8.6  pounds  when  weighed  in  water;  what  is  its 
specific  gravity  ?  Ans.  7.14. 

(412)  To  what  do  the  first  and  second  laws  of  volume 
apply  ? 

(413)  If  a  volume  of  1,200  cubic  feet  of  marsh -gas  is  mixed 
with  pure  air  in  such  a  proportion  that  when  exploded  all 
the  carbon  in  the  marsh-gas  combines  with  the  oxygen  in 
the  air,  what  volume  of  carbonic  acid  gas  will  result,  the 
carbonic  acid  gas  and  the  marsh-gas  being  subjected  to  the 
same  pressure  and  temperature  ?  Ans.  1,200  cu.  ft. 

(414)  What  are  the  three  forms  of  matter  ? 

(415)  What  are  the  properties  of  sulphureted  hydrogen 
gas,  and  how  is  the  presence  of  the  gas  detected  ? 

(416)  What  csLUses  feeders  or  blowers  of  gas  ? 

(417)  In  what  ways  do  various  kinds  of  coal-dust  influ- 
ence the  character  of  an  explosion  ? 

(418)  Describe  the  Davy  lamp. 

(419)  What  is  the  most  practical  manner  of  detecting 
firedamp  in  mines  ? 

(420)  How  is  the  percentage  of  gas  in  the  atmosphere 
measured  by  a  Pieler  lamp  ? 

(421)  What  must  be  the  volume  of  a  vessel  to  hold  two 
gases  whose  volumes  are  15  cubic  feet  and  9  cubic  feet,  and 
whose  tensions  are  20  pounds  and  15  pounds,  respectively, 
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in  order  that  the  pressure  of  the  mixture  may  be  21  pounds 
per  square  inch,  the  temperature  remaining  the  same 
throughout?  Ans.  20.71  cu.  ft. 

(422)  What  effect  has  a  small  amount  of  carbonic  acid 
gas  upon  the  flame-cap  of  a  safety-lamp  ? 

(423)  Explain  the  manner  in  which  a  test  is  made  for 
firedamp  with  a  safety-lamp. 

(424)  What  is  black  damp,  what  produces  it,  what  is  its 
effect  on  human  life,  and  how  can  it  be  detected  ? 

(425)  Describe  the  Shaw  gas-testing  machine. 

(426)  What  oils  are  generally  used  in  safety-lamps  ? 

(427)  State  the  requirements  of  a  good  safety-lamp  {a) 
for  general  mining  use ;  {t)  for  testing  purposes 

(428)  What  is  nitroglycerine,  and  what  ruptive  pressure 
is  exerted  by  it  when  exploded  ? 

(429)  If  a  quantity  of  air  confined  in  a  cylinder  and  at  a 
temperature  of  60°  F.  is  heated  until  it  has  a  temperature 
of  212°  F.,  what  will  be  the  resulting  tension  if  the  original 
tension  was  14.7  pounds  per  square  inch  ? 

Ans.  19.38  lb.  per  square  inch. 

(430)  State  the  conditions  under  which  mine  explosions 
are  most  frequently  produced. 

(431)  In  what  respect  does  the  Clanny  lamp  differ  from 
the  Davy  lamp  ? 

(432)  Why  is  it  that  the  Mueseler  lamp  gives  a  better 
light  than  either  the  Marsaut  lamp  or  Clanny  lamp  ? 

(433)  Describe  the  Ashworth-Hepplewhite-Gray  lamp. 

(434)  What  is  dynamite,  and  what  proportion  of  nitro- 
glycerine is  contained  in  each  grade  ? 

(435)  If  a  volume  of  76  cubic  feet  of  confined  air  weighs 
6.5  pounds  and  has  a  temperature  of  84°  F.,  what  pressure 
per  square  inch  does  it  exert  ? 

Ans.  17.21  lb.  per  square  inch. 

(436)  In  what  respects  is  the  Evan  Thomas  lamp  better 
than  the  Clanny  lamp  ? 


6  GASES  MET  WITH  IN  MINES.  §  5 

(437)  What  peculiar  feature  is  possessed  by  the  Marsaut 
lamp,  and  how  may  its  illuminating  power  be  improved  ? 

(438)  What  is  guncotton,  and  how  is  it  exploded  ? 

(439)  What  are  (a)  tonite  ?  (6)  potentite  ?  (c)  gelatine- 
dynamite  ? 

(440)  When  gas  is  exploded,  what  effects  are  caused  by 
coal-dust  suspended  in  the  air  ? 

(441)  Upon  what  does  the  strength  of  an  explosive  de- 
pend, and  which  is  the  best  type  for  use  in  working  non- 
gaseous coal-mines  ? 

(442)  If  the  specific  gravity  of  marsh-gas  at  a  tempera- 
ture of  60°  F.,  barometer  30  inches,  is  0.559,  what  will  100 
cubic  feet  of  it  weigh  ?  Ans.  4.28  lb. 

(443)  Why  does  black  damp  diffuse  in  air  slower  than 
firedamp  ? 

(444)  What  is  the  weight  of  650  cubic  feet  of  marsh-gas 
at  a  temperature  of  60°  F.,  the  barometer  being  at  29.5 
inches  ?  Ans.  26.75  lb. 


MINE  VENTILATION. 

(PART   1.) 


(445)  Define  {a)  gravitation ;  (d)  the  mass  of  a  body ;  {c) 
acceleration. 

(446)  If  a  cannon-ball  is  shot  vertically  upwards  with  an 
initial  velocity  of  1,876  feet  per  second,  (a)  what  time  will 
elapse  before  it  reaches  the  ground  again  ?  {d)  What  dis- 
tance will  it  travel  ?  A        i  (^)  l-'^'^^  min.,  nearly. 

^^'  (  (d)  109,433.3  ft. 

(447)  What  are  the  requirements  that  should  be  con- 
sidered in  fixing  the  quantity  of  air  for  any  particular  mine  ? 

(448)  State  the  quantity  of  air  per  man,  per  minute, 
required  by  law  {a)  in  the  anthracite  region;  (d)  in  the 
bituminous  regions  of  the  Union. 

(449)  When  the  velocity  of  the  current  is  300  feet  per 
minute,  what  quantity  of  air  is  passing  through  a  7  ft.  X 
7  ft.  airway  ?  Ans.   14,700  cu.  ft.  per  min. 

(450)  If  a  water-gauge  of  2  inches  passes  15,000  cubic 
feet  of  air  per  minute,  what  quantity  per  minute  will  a 
water-gauge  of  8  inches  pass  in  the  same  airway  ? 

Ans.   30,000  cu.  ft. 

(451)  If  2  horsepower  pass  14,000  cubic  feet  of  air  per 
minute,  to  what  must  the  power  be  increased  to  double  the 
quantity  ?  Ans.   16  H.  P. 

(452)  What  is  the  total  ventilating  pressure  in  an  airway 
6  ft.  X  7  ft.,  the  water-gauge  being  1.5  inches  ? 

Ans.  327.6  lb. 

(453)  If  you  have  two  airways  under  the  same  pressure, 
one  6  ft.  X  6  ft.  X  5,000  ft.,  and  the  other  8  ft.  X  4J-  ft.  X 
5,000  ft.,  which  will  pass  the  greater  quantity  of  air,  and 
why  ? 

§6 


used. 

Ans. 
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(454)  In  a  certain  mine  the  total  quantity  of  air  passing 
down  the  downcast  shaft  is  45,000  cubic  feet  per  minute. 
At  the  foot  of  the  downcast  it  is  divided  into  four  splits  as 
follows:  Split  (1)  6  ft.  X  6  ft.,  1,500  feet  long;  Split  (2) 
6  ft.  X  7  ft.,  1,800  feet  long;  Split  (3)  6  ft.  X  5  ft.,  1,350  feet 
long;  Split  (4)  6  ft.  X  5  ft.,  1,500  feet  long.  Calculate  the 
amount  of  air  passing  in  each  split  when  no  regulators  are 

12,582  cu.  ft.  per  min.  for  (1). 

13,905  cu.  ft.  per  min.  for  (2). 

10,539  cu.  ft.  per  min.  for  (3). 

7,974  cu.  ft.  per  min.  for  (4). 

(455)  If  the  current  in  an  underground  road  6  feet  square 
is  maintained  by  a  pressure  represented  by  1  inch  of  water- 
gauge,  what  pressure  per  square  foot  will  be  required  to  pass 
the  same  quantity  of  air  along  a  road  5  feet  square,  the  two 
roads  being  of  the  same  length  ?        Ans.   12.941b.  persq.  ft. 

(456)  If  the  velocity  of  an  air-current  is  4  feet  per  second, 
and  it  is  required  to  increase  it  to  8  feet  per  second,  what 
will  be  the  ratio  of  increase  in  the  power  ? 

(457)  If  the  airways  of  a  mine  were  increased  to  double 
their  length,  other  conditions  remaining  the  same,  in  what 
proportion  would  you  have  to  increase  the  ventilating 
pressure  ? 

(458)  In  order  to  obtain  double  the  quantity  of  air,  in 
what  proportion  must  the  ventilating  pressure  be  increased  ? 

(459)  In  question  458,  in  what  proportion  would  the 
power  have  to  be  increased  to  obtain  the  same  result  ? 

(460)  The  anemometer  shows  a  current  of  10,000  cubic 
feet  of  air  per  minute  to  be  passing  down  the  intake  of  a  mine 
where  the  temperature  is  30°  F.  Supposing  no  increase  of  the 
flow  from  the  gases  of  the  mine,  what  quantity  of  air  will  be 
passing  per  minute  up  the  return  where  the  temperature  has 
risen  to  70°  F.  ?  Ans.   10,818  cu.  ft.  per  min. 

(461)  The  quantity  of  air  produced  by  a  fan  is  120,000 
cubic  feet  per  min.  and  the  water-gauge  is  2  inches.  What 
is  the  horsepower  absorbed  in  the  mine  ?     Ans.  37.82  H.  P. 
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(462)  If  a  water-gauge  of  3  inches  passes  20,000  cubic 
feet  of  air  per  minute  in  a  certain  mine,  what  water-gauge 
will  be  required  to  pass  30,000  cubic  feet  per  minute  through 
the  same  mine  under  similar  conditions  ?  Ans.   6J  in. 

(463)  A  current  of  60,000  cubic  feet  of  air  per  minute  is 
circulated  in  a  certain  mine  in  five  splits  as  follows  :  Split 
No.  1,  8,000  cu.  ft. ;  Split  No.  2,  10,000  cu.  ft. ;  Split  No.  3, 
12,000  cu.  ft. ;  Split  No.  4,  14,000  cu.  ft. ;  Split  No.  o, 
16,000  cu.  ft.  Calculate  the  sectional  area  for  each  split, 
in  order  that  the  air  may  travel  at  a  uniform  velocity  of 


5  feet  per  second  in  all  the  splits. 


Ans. 


No.  1,  26|  sq.  ft. 
No.  2,  33 J  sq.  ft. 
No.  3,  40  sq.  ft. 
No.  4,  46|  sq.  ft. 
No.  5,  53^  sq.  ft. 


(464)  The  quantity  of  air  passing  per  minute  in  a  mine 
is  112,000  cubic  feet,  the  effective  power  of  the  furnace  is 
40  horsepower.  Required,  the  height  of  the  water-gauge  in 
inches.  Ans.  2.27  in. 

(465)  A  current  of  10,000  cubic  feet  of  air  per  minute  is 
passing  into  a  mine  having  two  splits  as  follows:  Split//, 
4  ft.  X  12  ft.,  6,000  feet  long;  Split  B,  6  ft.  X  8  ft., 
10,000  feet  long.  Find  the  amount  of  air  passing  through 
each  split.  \A,  5,470  cu.  ft.  per  min. 

(  j5,  4,530  cu.  ft.  per  min. 

(466)  Suppose  50,000  cubic  feet  of  air  per  minute  to  be 
passing  in  four  splits,  as  follows: 

Split  y4,  6  ft.  X  8  ft.,  10,000  ft.  long,  and  5,000  cu.  ft.  per 
min. 

Split  B,  5  ft.  X  10  ft.,  5,000  ft.  long,  and  10,000  cu.  ft.  per 
min. 

Split  C,  6  ft.  X  12  ft.,  10,000  ft.  long,  and  20,000  cu.  ft. 
per  min. 

Split  D,  4  ft.  X  12  ft.,  5,000  ft.  long,  and  15,000  cu.  ft.  per 
min. 
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(a)  In  which  splits  would  regulators  have  to  be  intro- 
duced to  accomplish  such  division  of  air,  and  why  ?  (t) 
What  is  the  entire  horsepower  required  for  the  circulation 
in  the  splits?  Ans.   (6)  12.685  H.  P. 

(467)  What  is  the  height  of  the  motive  column  if  the 
water-gauge  reads  .4  inch  ?  The  temperature  in  the  down- 
cast shaft  is  62°  F.,  and  the  barometer  is  30  inches. 

Ans.  27.256  ft. 

(468)  If  the  air  in  a  mine  has  a  temperature  of  62°  F., 
and  is  kept  in  motion  by  a  ventilating  pressure  of  2.08 
pounds  per  square  foot,  what  will  be  the  theoretical  velocity 
of  the  air,  the  barometer  being  30  inches  ? 

Ans.  2,512.38  ft.  per  min. 

(469)  If  the  water-gauge  reads  .6  inch  when  15  horse- 
power is  used,  what  will  it  read  when  the  power  is  increased 
to  36  horsepower  ?  Ans.  1.076  in. 

(470)  If  a  ventilating  current  of  10,000  cubic  feet  of  air 
per  minute  passes  through  an  airway  6  ft.  X  8  ft.  and  8,000 
feet  long,  what  current  will  pass  when  the  length  of  the 
airway  is  increased  to  10,000  feet  ? 

Ans.   8,945  cu.  ft.  per  min. 

(471)  24,000  cubic  feet  of  air  per  minute  are  passed 
through  an  airway  8  ft.  X  10  ft.  and  5,000  feet  long.  What 
should  be  the  dimensions  of  a  similar  airway  8,000  feet  long 
to  pass  the  same  quantity  ?  Ans.   8.8  ft.  X  11  ft. 

(472)  A  square  airway  has  a  sectional  area  of  64  square 
feet,  and  has  passing  through  it  15,000  cubic  feet  of  air  per 
minute.  What  must  be  the  sectional  area  of  a  similar  air- 
way to  pass  20,000  cubic  feet  per  minute,  the  power  remain- 
ing the  same  ?  Ans.  90.38  sq.  ft. 

(473)  An  airway  is  passing  20,000  cubic  feet  of  air  per 
minute,  and  it  is  desired  to  reduce  this  quantity  to  8,000 
cubic  feet  by  means  of  a  regulator.  If  the  difference  of 
pressure  on  the  two  sides  of  the  regulator  is  equivalent  to  ^ 
inch  of  water-gauge,  what  must  be  the  area  of  the  open- 
ing ?  Ans.   6.4  sq.  ft. 


Ans. 


(^) 
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(474)  An  airway  8  ft.  X  10  ft.  passes  60,000  cubic  feet  of 
air  per  minute  to  a  point  1,500  feet  distant  from  the  down- 
cast shaft,  where  it  splits  into  four  airways  of  the  following 
dimensions:  1st,  6  ft.  X  5ft.,  900  feet  long;  2d,  6  ft.  X  6ft., 
825  feet  long;  3d,  6  ft.  X  4ft.,  840  feet  long ;  and  4th,  5  ft.  X 

4  ft.,  720  feet  long,  {a)  What  is  the  quantity  passing 
through  each  split,  and  (i)  what  should  be  the  reading  of 
the  water-gauge  for  the  mine,  neglecting  the  shafts  ? 

1st.  15,942  cu.  ft.  per  min. 
2d.  20,952  cu.  ft.  per  min. 
3d.  12,381  cu.  ft.  per  min. 
4th.  10,725  cu.  ft.  per  min. 
[(*)  2.36  in. 

(475)  How  much  (i.e.,  in  what  proportion)  must  the 
ventilating  power  be  increased  to  double  the  quantity  of  air  ? 

(476)  In  a  certain  mine  the  entire  circulation  of  100,000 
cubic  feet  of  air  per  minute  is  divided  into  two  splits  having 
equal  cross-sections.  If  the  resistances  of  the  splits  are  to 
each  other  as  5  is  to  1,  what  quantity  of  air  will  pass  through 
each  ?  J.        j  69,099  cu.  ft.  per  min.  in  short  airway. 

f  30, 901  cu.  ft.  per  min.  in  long  airway. 

(477)  The  depth  of  a  furnace  shaft  is  300  feet ;  the  tem- 
perature of  the  upcast  column  of  air  is  130°  F.,  and  that  of 
the  downcast  column,  50°  F.  (a)  What  is  the  length  of  the 
motive  column  ?  (d)  What  would  be  the  pressure  produ- 
cing ventilation  should  the  temperature  of  the  upcast  be 
raised  to  150°  F.,  while  that  of  the  downcast  remained  at 
50°  F.  ?    Assume  the  barometer  reading  to  be  30  inches. 

Ans   ■l(^)  40.13  ft. 

■  I  (d)  3.85  lb.  per  sq.  ft. 

(478)  Suppose  that  50,000  cubic  feet  of  air  per  minute 
pass  through  an  airway  10  ft.  X  10  ft.  and  10,000  feet  long, 
and  that  a  change  is  made  by  dividing  the  current  into 
three  splits  of  the  following  dimensions:  1st,  6  ft.  X  6  ft. 
and  4,000  feet  long;  2d,  5  ft.  X  6  ft.  and  3,000  feet  long;  3d, 

5  ft.  X  5  ft.  and  4,000  feet  long,  (a)  What  quantity  will 
pass  through  each  of  the  splits  that  are  now  substituted  for 
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the  original  airway,  assuming  that  the  total  quantity  re 

mains  the  same  ?     {b)  What  horsepower  is  required  in  each 

case  ?  f  /  1st.   19,597  cu.  ft.  per  min. 

(a)  }  2d.    17,980  cu.  ft.  per  min. 
(  3d.    12,423  cu.  ft.  per  min. 

,.     J  1st  case,  32.88  H.  P. 

^  '    ♦  2d  case,  25.98  H.  P. 

(479)  If  an  airway  9  f t.  x  0  ft.  has  a  total  rubbing  sur-^ 
face  of  54,000  square  feet,  what  is  its  length  ? 

Ans.   1,800  ft. 

(480)  What  quantity  of  air  is  passing  through  an  airway 
7.25  ft.  X  11.75  ft.,  when  the  velocity  is  434  feet  per  minute  ? 

Ans.  36,971  cu.  ft.  per  min. 

(481)  In  what  proportion  must  the  ventilating  pressure 
be  increased  to  change  the  volume  of  air  from  120,000  cubic 
feet  to  180,000  cubic  feet  per  minute  ?  Ans.  2^-  times. 

(482)  If  a  pressure  of  19.2  pounds  per  square  foot  passes 
100,000  cubic  feet  per  minute,  what  pressure  is  required  to 
pass  120,000  cubic  feet  per  minute  through  the  same  air- 
way ?  Ans.   10.8  lb.  per  sq.  ft. 

(483)  What  horsepower  is  required  to  pass  70,000  cubic 
feet  of  air  per  minute  when  the  water-gauge  reading  is  .9 
inch?  Ans.   9.927  H.  P. 

(484)  The  upcast  shaft  is  300  feet  deep,  and  the  tem- 
perature of  the  ascending  air  is  120°  F.  The  temperature 
of  the  downcast  shaft  being  45°  F.,  what  is  the  height  of 
the  motive  column  ?  Ans.   38. 8G  ft. 

(485)  If  .G  inch  of  water-gauge  passes  12,000  cubic  feet 
of  air  per  minute,  what  pressure  per  square  foot  is  required 
to  pass  24,000  cubic  feet  ?  Ans.   12.48  lb.  per  sq.  ft. 

(480)  If  a  pressure  of  4  pounds  per  square  foot  produces 
a  velocity  of  300  feet  per  minute  in  a  6  ft.  X  8  ft.  airway, 
what  pressure  is  required  to  pass  24,000  cubic  feet  per  min^ 
ute  through  the  same  airway  ?  Ans.   11 J  lb.  per  sq.  ft. 

(487)     If  20,000  cubic  feet  of  air  are  passed  per  minute 
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by  a  pre«isure  of  2^  pounds  per  square  foot,  what  must  be 
the  horsepower  to  pass  25,000  cubic  feet  per  minute  ? 

Ans.  2.959  H.  P. 

(488)  (a)  What  is  the  area  of  a  square  airway  through 
which  a  current  of  30,000  cubic  feet  of  air  per  minute  is 
passing  at  a  velocity  of  500  feet  per  minute  ?  (d)  What 
should  be  the  area  of  each  of  two  square  airways  to  divide  the 
current  into  two  equal  splits,  the  length  of  the  airways  and 
the  velocity  of  the  air  being  the  same  in  both  cases  ? 
(c)  Which  of  these  arrangements  requires  the  greater  power, 

(a)  GO  sq.  ft. 
{d)  30  sq.  ft. 

{c)  The  two  small  airways,  in 
the  ratio  of  1.4194  :  1. 


and  in  what  proportion  ? 

Ans. 


(489)  If  24,000  cubic  feet  of  air  per  minute  pass  through 
a  G  ft.  X  10  ft.  airway,  what  quantity  will  pass  through  a  5 
ft.  X  6  ft.  airway  of  the  same  length,  the  power  remaining 
the  same  ?  Ans.   13,59G  cu.  ft.  per  min. 

(490)  If  40,000  cubic  feet  of  air  per  minute  are  passing 
in  a  circular  airway  8  feet  in  diameter  and  1,800  feet  long, 
what  is  (a)  the  pressure  per  square  foot  ?  {6)  the  horse- 
power required  ?  ^        (  (a)  12. 3G  lb.  per  sq.  ft. 

^'  1   (d)  14.982  H.  P. 

(491)  A  7  ft.  X  10  ft.  airway  is  passing  35,000  cubic  feet 
of  air  per  minute,  and  it  is  desired  to  reduce  this  quantity 
to  21,000  cubic  feet  per  minute  by  means  of  a  regulator. 
The  water-gauge  reading  f  inch,  what  must  be  the  area  of 
the  opening  in  the  regulator  ?  Ans.   12.12  sq.  ft. 

(492)  What  do  you  understand  by  the  terms  (a)  motive 
column  ?     (d)  ventilating  pressure  ?     {c)  split  ? 

(493)  {a)  What  is  the  chief  use  of  the  regulator  ?  (b) 
To  what  is  it  equivalent  ?  (r)  What  are  the  effects  pro- 
duced by  splittixig  the  air,  and  what  advantages  are  obtained 
by  splitting  ? 

(494)  The  water-gauge  at  a  mine  is  .7  inch.  If  the 
length  of  the  airway  is  increased  to  three  times  its  original 
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length,  and  the  velocity  is  increased  from  8  to  10  feet  per 
second,  what  will  the  water-gauge  read  ?  Ans.  3.28  in. 

(495)  There  are  two  splits  in  a  mine,  one  2,000  yards 
long  and  the  other  5,000  yards  long;  each  has  a  section 
7  ft.  X  6  ft.  (a)  With  a  water-gauge  of  2^  inches  for  under- 
ground friction,  what  quantity  will  pass  through  each  split  ? 
(d)  What  horsepower  is  required  for  the  two  splits  ?  (r) 
What  area  of  regulator  opening  will  be  required  to  reduce 
the  quantity  in  the  short  split  one-half  ? 

.  .    j  1st.   10,808  cu.  ft.  per  min. 

'^^    I  2d.    10,008  cu.  ft.  per  min. 

(d)  10.85  H.  P. 

(f)  2.40  sq.  ft. 

(490)  If  50,000  cubic  feet  of  air  pass  in  a  circular  airway 
18  feet  in  diameter,  what  quantity  will  pass  in  an  airway 
6  feet  in  diameter,  the  power  remaining  the  same  ? 

Ans.  8,012.5  cu.  ft.  per  min. 

(497)  (a)  What  are  similar  figures  ?  {i)  Define  the  coeffi- 
cient of  friction  as  used  in  mine  ventilation,  (c)  Define 
power  and  work. 

(498)  Extract  the  fifth  root  (a)  of  35,  and  (d)  of  04,208,- 
837,  by  means  of  the  rule  given  in  Art.  1000« 

(  {i)  36.44. 
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(499)  By  what  two  methods  is  air  set  in  motion  so  as  to 
produce  a  current  ? 

(500)  Mention  the  different  means  at  hand  for  producing 
ventilation  in  mines. 

(501)  (a)  What  conditions  are  necessary  to  produce  natu- 
ral ventilation  in  a  mine  ?  {b)  How  does  this  form  of  ven- 
tilation differ  from  all  others  ? 

(502)  Explain  the  use  of  the  furnace.  Where  is  it  always 
placed,  in  the  ventilation  of  a  mine  ? 

(503)  The  depth  of  a  certain  upcast  shaft  is  500  yards; 
the  mean  barometric  pressure  is  30.25  inches,  and  the  mean 
temperature  of  the  air  in  the  shaft  is  350°  F.  What  is  the 
weight  of  a  column  of  air  in  this  shaft,  having  a  base  of 
1  square  foot  ?  Ans.   74. 25  lb. 

(504)  What  is  the  weight  of  a  cubic  foot  of  air  when  the 
barometric  reading  is  29.3  inches  and  the  temperature  is 
82''  F.  ?  Ans.  .0791  lb.,  nearly. 

(505)  If  the  anemometer  records  a  velocity  of  800  feet  per 
minute  in  the  intake  airway  of  a  mine,  where  the  sectional 
area  measures  8'  X  10'  and  the  thermometer  shows  a  temper- 
ature of  32°  F. ,  what  should  be  the  volume  of  air  passing  in 
this  same  airway  per  minute,  at  a  point  where  the  tempera- 
ture has  risen  to  60°  F.  ?  Ans.  67,650  cu.  ft.,  nearly. 

(506)  The  depths  of  the  downcast  and  upcast  shafts  are 
each  540  feet.  Their  respective  average  temperatures  are 
0°  F.  and  300°  F.     Calculate  the  pressure  per  square  foot 
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that  produces   ventilation  in  this  mine  when  the  average 
barometric  pressure  is  20.8  inches.     Use  two  methods. 

Ans.   18.365  lb. 

(507)  What  is  the  height  of  motive  column  which  pro- 
duces ventilation,  when  the  depths  of  the  upcast  and  down- 
cast shafts  are  each  200  yards,  and  their  respective  average 
temperatures  are  60°  F.  and  360°  F.?  Find  the  motive 
column  in  the  downcast  shaft.  Ans.  219.78  ft. 

(508)  Mention  some  of  the  essential  points  in  the  con- 
struction of  a  mine  furnace. 

(509)  What  will  be  the  area  of  fire-grate  of  a  furnace 
which  is  to  supply  50,000  cubic  feet  of  air  per  minute 
against  a  2-inch  water-gauge  when  the  depth  of  the  furnace 
shaft  is  250  feet  ?  Ans.  33.884  sq.  ft. 

(510)  (a)  Explain  the  object  of  a  dumb  drift,  (d)  What 
is  the  minimum  height  above  the  furnace  of  the  point  where 
a  dumb  drift  may  enter  a  shaft  with  safety  ? 

(511)  Describe  the  method  of  ventilating  by  means  of  a 
waterfall. 

(512)  {a)  What  do  you  understand  by  a  mechanical  ven- 
tilator ?     (6)  Mention  some  examples  of  such  ventilators. 

(513)  What  are  the  most  prominent  types  of  centrifugal 
ventilators  now  in  use  ? 

(514)  {a)  In  what  two  ways  do  centrifugal  fans  act  ?  {d) 
What  can  you  say  of  the  relative  efficiencies  of  these  two 
modes  of  action  ? 

(515)  Describe  the  general  characteristics  of  the  Waddle 
fan. 

(516)  What  are  some  of  the  chief  points  in  the  construc- 
tion of  the  Schiele  fan  ? 

(517)  What  is  the  effect  of  the  spiral  casing  surrounding 
the  circumference  of  a  ventilating  fan  ? 

(518)  What  is  the  purpose  of  the  6vas6e  chimney  ? 

(519)  Describe  the  general  form  of  the  Guibal  fan. 

(520)  What  can  you  say  of  the  Capell  fan  ? 
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(521)  In  what  two  respects  is  the  fan  a  better  means  of 
ventilation  than  the  furnace  ? 

(522)  Plainly  stated,  what  is  the  difference  between  the 
action  of  the  furnace  and  the  action  of  the  fan  ? 

(523)  What  is  the  velocity  of  air  blowing  through  an 
orifice  into  a  vacuum  under  a  pressure  of  8.41  pounds  per 
square  foot  ?  Ans.  52.2  ft.  per  sec. 

(524)  What  is  the  velocity  at  which  air  should  enter  the 
fan  to  produce  the  best  results  ? 

(525)  A  fan  is  designed  to  produce  a  current  of  175,000 
cubic  feet  of  air  per  minute.  What  should  be  the  diameter 
of  its  central  orifice  if  it  receives  its  air  upon  each  side  ? 

Ans.   10.146  ft. 

(526)  (a)  What  do  you  understand  by  the  throat  of  a 
fan  ?     {d)  What  determines  the  area  of  the  throat  of  a  fan  ? 

(527)  What  should  be  the  width  of  blade  in  a  fan  designed 
to  throw  250,000  cubic  feet  of  air  per  minute  ?  The  fan 
receives  its  air  upon  each  side.  Ans.   6.06  ft. 

(528)  The  area  of  the  port  of  entry  of  a  fan  which 
receives  its  air  upon  one  side  is  153.9384  square  feet.  What 
should  be  the  breadth  of  its  blades  ?  Ans.  3.5  ft. 

(529)  What  do  you  understand  by  manometric  efficiency 
as  relating  to  fans  ? 

(530)  Name  three  essential  elements  to  the  efficient  ven- 
tilation of  a  mine. 

(531)  How  is  the  quantity  of  air  that  is  necessary  for  the 
ventilation  of  a  mine  determined,  and  what  amount  is  cus- 
tomary in  non-gaseous  mines  ?  What  amount  is  usually 
specified  for  a  gaseous  mine  ? 

(532)  In  order  to  secure  thorough  ventilation  in  a  mine, 
what  is  necessary  with  respect  to  the  velocity  of  the  air- 
current  ? 

(533)  (a)  What  danger  arises  in  gaseous  mines  from  too 
high  a  velocity  ?  {J))  What  is  the  maximum  velocity  allowed 
under  the  Anthracite  Mine  Law  of  Pennsylvania  ? 
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(534)  What  means  are  necessary  in  order  to  properly 
conduct  an  air-current  to  the  working  face  ?  Mention,  also, 
the  essential  points  necessary  to  be  observed  with  respect  to 
each  of  these  means. 

(535)  What  instruments  are  used  for  measuring  the 
'fesistance  of  airways,  and  what  does  each  measure,  respect- 
ively ? 

(536)  Describe  the  water-gauge  and  the  manner  of  using 
It  for  determining  the  ventilating  pressure  in  a  mine. 

(537)  Describe  the  anemometer  and  the  manner  of  using 
It,  stating  also  what  precautions  are  necessary  in  order  to 
obtain  an  average  velocity  for  the  entire  area  of  the  airway. 

(538)  Upon  what  does  the  density  of  air  mainly  depend, 
and  what  instruments  are  used  in  determining  the  density 
(the  weight  of  a  cubic  foot)  of  air  ? 

(539)  (^)  Name  the  freezing  and  boiling  points  of  the 
Centigrade  and  Fahrenheit  scales,  respectively,  (d)  How 
many  degrees  of  the  Fahrenheit  scale  correspond  to  100°  of 
the  Centigrade  ? 

(540)  Convert  (a)  350°  C.  into  the  corresponding  Fahren- 
heit reading ;  {d)  -  10°  C. ;  {c)  -  25°  C.  (  {a)  662°  F. 

Ans.  ]  (d)  14°  F. 

(  {c)   -  13°  F. 

(541)  What  i:eadings  of  the  Centigrade  scale  correspond 
to  the  following:  (a)  365°  F. ;  (*)  5°  F. ;  {c)  -  49°  F.? 

(  {a)      185°  C. 

Ans.  ]  (*)   -  15°  C. 

(  {c)    -  45°  C. 

(542)  To  what  is  the  pressure  per  square  foot  of  sectional 
area  in  an  airway,  due  to  any  air  column,  always  equal  ? 

(543)  Give  examples  of  vertical  and  inclined  air  columns 
in  the  practical  ventilation  of  mines,  and  state  how  the 
pressure  per  square  foot  at  the  base  of  the  inclined  column 
is  calculated. 

(544)  Which  class  of  workings  is  more  easily  ventilated, 
rise  or  dip  workings,  and  why  ? 
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(545)  What  is  meant  by  {a)  positive  air  columns  ?  (b) 
negative  air  columns  ? 

(546)  What  do  you  understand  by  ascensional  ventila- 
tion ? 

(547)  To  what  is  the  algebraic  sum  of  the  weights  of  all 
the  columns,  positive  and  negative,  equal  ? 

(548)  What  is  the  main  feature  in  the  ventilation  of  a 
flat,  non-gaseous  seam  ? 

(549)  What  is  the  practical  limit  to  the  splitting  of  air- 
currents  ? 

(550)  How  does  the  presence  or  absence  of  gas  affect  the 
arrangement  of  the  haulage  roads  with  respect  to  the  venti- 
lating current  ? 

(551)  What  is  the  main  point  to  be  considered  in  the 
ventilation  of  inclined  seams  ? 

(552)  Mention  some  important  points  in  connection  with 
the  entrance  of  a  mine  after  an  explosion. 

(553)  Name  the  different  methods  of  treating  mine  fires. 

(554)  What  precaution  is  necessary  to  be  taken  in  build- 
ing stoppings  for  the  isolation  of  a  mine  fire  ?  Explain  the 
reason  why  such  precaution  is  necessary. 


MINE  SURVEYING  AND  MAPPING. 

(F*ART    1.) 


(555)  Define  mine  surveying. 

(556)  Explain  the  construction  of  the  steel  tape  and  of 
the  chain. 

(557)  Describe  the  method  of  measuring  up  hill,  and  that 
of  measuring  down  hill.  Which  is  the  more  accurate,  and 
why? 

(558)  How  would  a  distance  of  3  yd.  2  ft.  6f  in.  be  re- 
corded in  mine  surveying  ? 

(559)  What  two  methods  could  be  used  in  measuring  the 
horizontal  distance  between  a  point  at  the  top  of  a  slope 
having  a  uniform  grade,  and  a  point  at  the  foot  of  the  slope  ? 
Which  method  is  the  better  in  this  case  ? 

(560)  What  points  must  be  borne  in  mind  while  meas- 
uring distances  ? 

(561)  Describe  a  surveyor's  compass  fully. 

(562)  What  objection  is  there  to  using  a  compass  for 
mine  surveys  ? 

(563)  What  adjustments  are  necessary  for  a  compass, 
and  how  are  they  made  ? 

(564)  Give  the  order  of  the  letters  on  the  face  of  a  com- 
pass, and  the  reason  for  such  arrangement. 

(565)  State  how  the  face  of  a  compass  is  graduated. 

(566)  What  is  a  vernier  ?     Explain  its  principle. 

(567)  {a)  What  is  a  retrograde  vernier  ?  (/;)  What  is  a 
direct  vernier  ? 

(568)  Of  what  advantage  is  a  vernier  on  a  ccnnpass  ? 
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(569)     What  is  the  reading  of  the  vernier  shown  in  Fig. 


272? 
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Pig.  m. 
What  is  the  reading  of  the  vernier  shown  in  Fig. 


273? 
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(571)     What  is  the  reading  of  the  vernier  shown  in  Fig. 
274? 


«*         .10          S5    . 

5             0 

5 

,N 



Mil 

[ 

1 



5 

FlO.  274. 


(572) 
275? 


What  is  the  reading  of  the  vernier  shown  in  Fig. 


Fig.  275. 


(573)     Define  (a)  true  azimuth;  (/;)  true  bearing;  {c)  mag- 
netic bearing;    (f/)  assumed  meridian. 
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(574)  Explain  how  a  true  meridian  is  determined. 

(575)  For  what  is  the  compass  principally  used  in  the 
mine  ? 

(576)  Explain  how  the  station  at  which  local  attraction 
acts  most  strongly  is  discovered. 

(577)  The  butt  entry  runs  N  30°  E,  and  the  rooms 
turned  off  from  it  run  N  20°  W;  what  is  the  distance 
measured  along  the  entry  between  the  center  lines  of  the 
rooms,  if  the  perpendicular  distance  between  these  lines  is 
54  feet?  Ans.  70.49  ft. 

(578)  Define  (a)  latitude;  {d)  departure;  {c)  northing; 
(d)  southing;   (c)  easting;   (/)  westing. 

(570)     What  is  (a)  total  latitude  ?  {d)  total  departure  ? 

(580)  Calculate  and  show  by  sketch  the  latitude  and  the 
departure  of  a  course  whose  bearing  is  N  22°  E,  and  whose 
length  is  375  feet. 

(581)  Calculate  the  latitudes  and  the  departures  for  the 
following  courses,  and  show  the  method  employed : 


Stations. 

Bearings. 

Distances. 

1-2 

S  46°  30'  E 

207.6  feet. 

2-3 

S  74°  30'  E 

300.5  feet. 

3-4 

N33°  15'  E 

188.0  feet. 

4-5 

N  50°  W 

276.0  feet. 

5-6 

Due  West 

213.5  feet. 

6-1 

S  51°  54'  W 

130.3  feet. 

(582)  Calculate  the  total  latitudes  and  the  total  depar- 
tures for  the  notes  given  in  example  581,  by  taking  Sta.  1 
as  the  basis  of  calculations. 

(583)  From  the  total  latitudes  and  the  total  departures 
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found  in  example  582,  determine  the  bearing  from  Sta.  1  to 
Sta.  3.  Ans.  S  63°  19'  E. 

(584)  What  special  precaution  must  be  taken  in  calcula- 
ting total  latitudes  and  total  departures  ? 

(585)  Traverse  and  close  the  following  survey; 


Stations. 

Bearings. 

Distances. 

1-2 

Due  East 

130  feet 

2-3 

N    8°  E 

137  feet 

3-4 

N  81°  W 

186  feet 

4-5 

Due  South 

54  feet 

5-6 

S  36°  W 

125  feet 

6-7 

S  45°  E 

89  feet 

7-1 

413.6  feet. 

246. 7  feet. 
253.0  feet. 
216.0  feet. 
789.0  feet. 


(586)  The  horizontal  angles  and  distances  of  a  survey 
are  as  follows : 

1-2  N  37°  13'  E 

2-3  N  10°  56'  E 

3-4  S  17°  23'  E 

4-5  S  43°  37'  E 

5-6  S  33°  43'  W 

How  far  north  or  south  and  east  or  west  of  Sta.  1  is  Sta.  6  ? 
Calculate  the  bearing  and  the  distance  from  Sta.  1  to  Sta.  6. 

(587)  If  the  notes  of  an  old  survey  give  the  bearing  of  a 
certain  course  as  N  43°  15'  E,  and  the  compass  now  gives  a 
bearing  of  N  42°  45'  E  for  the  same  course,  how  should  the 
compass  be  adjusted  in  order  to  accurately  re-run  the  old 
lines  ? 

(588)  Of  what  advantage  are  traverse  tables  ? 

(589)  Explain  what  is  meant  by  platting  to  scale. 

(590)  By  careful  measurement,  the  distance  between  two 
points  on  a  map  drawn  to  a  scale  of  200  ft.  =  1  in.  is  found 
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to  be  4. 378  inches.     What  is  the  actual  distance  between 
these  points  on  the  surface  ? 

(591)  Two  stations  are  537.8  feet  apart.  What  will  be 
the  distance  between  them  on  a  map  drawn  to  a  scale  of  150 
ft.  =  1  in.  ? 

(592)  Explain  the  method  of  laying  off  angles  (a)  by 
chords;  (d)  by  tangents;  and  {c)  by  bearings. 

(593)  Give  method  of  calculating  chords  for  laying  off 
angles. 

(594)  What  are  the  different  methods  of  platting  a  sur- 
vey ?     Which  is  the  best,  and  why  ? 

(595)  What  is  meant  by  the  closing  line  of  a  survey  ? 
Explain  how  its  length  and  bearing  are  determined. 


(596) 

(597) 
survey. 

(598) 

(599) 


What  is  meant  by  traversing  a  survey  ? 

Describe  a  method   of   calculating  the  area  of  a 


Find  the  area  of  the  survey  given  in  example  585. 

Find  the  area  of  the  survey  given  in  example  586, 
after  calculating  the  closing  line. 

(600)     Plat  the  following  line  by  means  of  a  protractor, 
using  a  scale  of  200  ft.  =  1  in.,  and  a  radius  of  400  feet: 


Stations. 

Angles. 

25  +  80 

End  of  Line 

20  +  38 

L  37°  20' 

15  +  18 

L  31°  08' 

9  +  13 

R  39°  26' 

3  +  60 

R  30°  30' 

0 

m 
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(601)     Plat  the  following  line  by  means  of  chords,  using  a 
scale  of  200  ft.  =  1  in.,  and  a  radius  of  400  feet: 


Stations. 

Angles. 

25  +  96 

End  of  Line 

21  +  46 

R  34°  30' 

17  +  09 


-11  +  96 


5+33 


0 


R  53°  28' 
L  25°  10' 
R  21°  10' 


(602)     Plat   the   following   line   by   means   of    tangents, 
using  a  scale  of  200  ft.  =  1  in.,  and  a  radius  of  400  feet: 


Stations. 

Bearings. 

25  +  34 

End  of  Line 

19  +  04 

N  22°  59'  W 

14+81 

N  28°  23'  E 

10  +  38 

N    7°  03'  E 

4+13 

N  32°  15'  W 

0 

N  32°  15'  E 
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(603)  What  is  a  transit  ? 

(604)  State  the  advantage  which  the  transit  has  over  the 
vernier  compass. 

(605)  What  kind  of  a  vernier  is  used  on  the  transit  ? 

^606)  How  many  adjustments  of  the  transit  are 
necessary  ?     Explain  each  in  detail. 

(607)  If  the  zero  mark  on  the  vernier  is  between  70°  30' 
and  71°,  and  the  first  line  on  the  vernier  that  exactly  coin- 
cides with  a  line  on  the  limb,  or  plate,  of  the  transit  is 
marked  21,  what  is  the  reading  ? 

(608)  If  the  zero  mark  on  the  vernier  is  between  263°  and 
263°  30',  and  the  first  vernier  line  that  coincides  with  a  line 
on  the  limb,  or  plate,  is  13,  what  is  the  reading  ? 

(600)     What  are  the  two  readings  shown  in  Fig.  276  ? 


Fig.  276. 

(610)  What  are  the  two  readings  shown  in  Fig.  277  ? 

(611)  What  is  (a)  the  horizontal  limb  of  the  transit  ? 
{b)  the  axis  of  the  instrument?  (c)  the  line  of  collimation  ? 
{(/)  What  are  the  standards  ? 
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(612)  Define  horizontal  angle,  and  describe  fully  the 
method  of  measuring  such  an  angle;  i.  e.,  explain  how  to 
set  up  the  instrument  over  the  point;  the  position  of  the 
vernier  to  start  with ;  what  clamps  are  used,  how  they  are 
used,  when  they  are  used,  and  for  what  they  are  used. 
Explain  how  the  objects  are  sighted,  and  how  perfect 
bisection  with  the  cross-hairs  is  eflfected. 


Pig.  277. 

(613)  Explain  the  method  of  finding  with  the  transit 
the  azimuths  of  several  successive  courses  with  a  given  first 
course. 

(614)  What  is  the  direction  of  a  course  whose  azimuth 
lies  (a)  between  0°  and  00° ;  (d)  exactly  90° ;  (c)  between  90° 
and  180°;  {d)  exactly  180°;  (e)  between  180°  and  270°;  (/) 
exactly  270°  ;(^)  between  270°  and  360°;  (A)  exactly  360°, 
or  0°  ?       • 

(615)  Calculate  the  bearings  of  the  following  courses 
referred  to  -^  j5  as  a  meridian : 


Stations. 

Azimuths  with  A  B, 

A 

0°  00' 

B 

35°  30' 

C 

110°  30' 

D 

270°  00' 

E 

330°  45' 

(616)     How   may  the  magnetic  bearings  of  several  sue- 


§  9  MINE  SURVEYING  AND  MAPPING.  6 

cessive  courses  be  found  from  their  azimuths  when  only  the 
magnetic  bearing  of  the  given  first  course  is  known  ? 

(617)  What  is  meant  by  the  meridian  of  the  survey  ? 

(618)  Define  the  deflection  angle  of  a  curve. 

(619)  In  making  a  map  of  final  location,  how  should  the 
measurements  be  made,  the  angles  platted,  and  the  curve 
centers  determined  ? 

(620)  Explain  the  method  of  measuring  to  the  end  of  a 
pillar  which  is  rounded  off. 

(621)  Why  are  the  magnetic  readings  taken  in  addition 
to  the  azimuths  ? 

(622)  What  is  {a)  a  1°  curve  ?  (*)  a  5°  curve  ? 

(623)  Give  several  methods  of  carrying  a  survey  into  a 
mine,  and  explain  fully  the  one  in  which  one  shaft  and  four 
plumb-lines  are  used. 

(624)  Give  the  different  kinds  of  stations  used  in  mine 
surveying. 

(625)  What  danger  is  there  in  putting  a  station  on  a 
timber  used  to  support  the  roof  ? 

(626)  Explain  two  methods  of  prolonging  a  line  inter- 
cepted by  an  obstacle. 

(627)  What  are  the  straight  portions  of  a  railroad  tech- 
nically called  ? 

(628)  What  determines  the  degree  of  a  curve  ? 

(629)  Explain  what  is  meant  by  the  tangent  deflection 
and  the  chord  deflection  of  a  curve. 

(630)  What  device  is  necessary  to  take  a  sight  vertically 
upwards  with  the  transit  ? 

(631)  Show  by  sketch  the  method  of  laying  out  curves 
with  the  transit. 

(632)  The  intersection  angle  of  a  5°  curve  is  24**  30'. 
What  is  the  length  of  the  curve  ?  Ans.  490  ft. 

(633)  How  are  the  radii  of  curves  of  from  1°  to  10°  de- 
termined in  practice  ? 
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(634)  What  is  the  tangent  distance  for  a  7°  curve,  if 
the  intersection  angle  /is  3(5°  ?  Ans.  206.12  ft. 

(635)  Give  a  form  for  keeping  transit  notes. 

(636)  What  is  (a)  a  simple  curve  ?  {b)  a  compound  curve  ? 
{c)  a  reverse  curve  ? 

(637)  What  are  side  notes  ?  Give  a  sketch  to  illustrate 
them. 

(638)  Explain  fully  the  method  of  directing  the  miners 
who  are  driving  a  curved  entry,  so  that  they  will  keep  the 
entry  on  the  proper  curvature. 

(639)  With  regard  to  vertical  angles,  how  are  the  rise 
angles  distinguished  from  the  dip  angles  in  the  notes  ? 

(640)  What  is  the  chord  deflection  for  a  chord  of  9  feet 
on  a  curve  having  a  radius  of  45  feet  ?  Ans.  1.8  ft. 

(641)  The  degree  of  a  curve  is  6°  30';  what  is  the  deflec- 
tion angle  for  a  chord  of  48  feet  ?  Ans.  1°  33'  36'. 

(642)  How  are  sharp  curves  designated  in  mine  work  ? 

(643)  Define  (a)  the  P.  L,  (6)  the  P.  C,  and  (c)  the  P.  T. 
of  a  curve. 

(644)  Define  (a)  sub-station;  (6)  sub-chord. 

(645)  If,  in  laying  out  a  10°  curve  with  the  transit,  an 
obstacle  prevents  turning  off  a  deflection  angle  greater  than 
25°,  explain  fully  how  points  farther  on  will  be  located  upon 
the  curve. 

(646)  What  are  the  chord  and  the  tangent  deflection  for 

a  chord  of  120  feet  on  a  9°  curve  ? 

^^g   j  Chord  def.  -  22.6  ft. 

(  Tangent  def.  =  11.3  ft. 

(647)  How  are  the  stations  marked  in  a  mine  where 
several  corps  are  doing  work  ? 

(648)  State  the  disadvantages  in  surveying  pitching  work. 

(649)  How  should  stations  be  numbered  in  a  mine  ? 

(650)  What  are  centers,  and  how  are  they  used  ? 

(651)  Give  a  detailed  description  of  a  mine  corps. 
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(652)     Given  the  following  field  notes: 


Vertical  Angles. 

Bearings. 

Horizontal 
Distances. 

Stations. 

In 
Tunnel. 

On 

Surface. 

Remarks. 

1- 
1-2 
2-3 
3-4 

4r^ 

5-6 

6-face 

+  r  m 

+-0'  31 
-h  0'^  45' 
-0''34' 
-h  3°  37' 
-h  3°  30' 

+  10°  35' 
+  15°  43' 
+  14°  27' 
-h  16°  17' 
-h  12°  21' 
+  13°  56' 

S  36°  50'  W 
S  36°  50'  W 
S  49°  47'  W 
S  40°  00'  W 
S    4°  55'  E 
S  71°  15'  E 
S  77°  30'  E 

19.1  feet 
99.1  feet 
104.2  feet 
37.1  feet 
56.5  feet 
46.0  feet 
40. 7  feet 

To  mouth  of  tunnel 

(a)  Calculate  the  horizontal  distance  and  direction  of  a 
point  on  the  surface  over  the  face  of  tunnel  to  Sta.  1.  (6) 
Find  the  depth  of  the  bore-hole  from  this  point  to  .the  face 
of  the  tunnel,  {c)  Calculate  the  vertical  angle  from  Sta.  1 
to  this  point  on  the  surface  over  the  face. 

(a)  265. G3  ft.,   N  1G°  20' W. 
Ans.  -(  (d)  85. 55  ft. 
(V)  19°  30'. 
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(655)     Define  leveling. 

(65f))     For  what  purposes  is  leveling  used  in  mining  work  ? 

(657)  State  and  explain  the  best  method  of  keeping  notes 
in  leveling. 

(658)  Define  contours,  and  state  what  determines  their 
distance  apart. 

(659)  Explain  the  necessary  steps  in  determining  with 
the  level  the  difference  in  elevation  of  two  points. 

(660)  What  is  a  profile,  and  what  is  its  principal  use  ? 

(661)  Describe  the  engineer's  level. 

(662)  Define  {a)  turning-point;  {i)  backsight;  {c)  fore- 
sight; and  (^)  a  plus. 

(663)  What  should  be  considered  in  assuming  the  eleva- 
tion of  a  bench-mark  or  the  starting-point  in  leveling 
operations  ? 

(664)  What  determines  the  sensitiveness  of  a  level  ? 

(665)  Why  is  the  backsight  column  marked  -j-  and  the 
foresight  column  marked  —  in  the  level  notes  ? 

(666)  What  is  a  datum  line  ? 

(667)  Give  the  different  adjustments  of  the  level  and 
explain  each  fully. 

(668)  Describe  a  method  of  calculating  the  cubical 
contents  of  a  cut  or  fill  in  an  entry. 

(669)  What  is  the  object  of  making  a  topographical 
survey  ? 

(670)  Define  plane  of  reference. 

§10 


a  MINE  SURVEYING  AND  MAPPING.  g  10 

(671)  How  are  level  notes  checked  ? 

(672)  How  are  the  readings  taken  on  the  roof  in  the 
mine  designated  in  the  notes,  and  why  so  marked  ? 

(673)  Describe  fully  the  method  of  determining  the  con- 
tours of  a  single  hill. 

(674)  By  what  means  can  the  operations  of  leveling  be 
checked  ? 

(675)  Describe  the  Philadelphia  rod;  state  the  use  of 
both  verniers. 

.  (676)     Explain    the   construction   of    the   telescope  of  a 
level. 

(677)  How  are  the  stations  numbered  in  leveling 
operations  ? 

(678)  Of  what  advantage  is  a  general  map  showing  the 
workings  of  the  mine,  the  property  lines,  and  the  surface 
arrangements  ? 

(679)  Explain  how  the  notes  for  locating  on  the  map  the 
buildings,  railroads,  etc.,  of  the  surface  arrangements  are 
taken. 

(680)  What  advantage  is  there  in  placing  the  crop  line 
on  the  mine  map  ? 

(681)  What  is  done  in  case  a  mine  must  be  surveyed  im- 
mediately, and  it  is  not  the  proper  time  to  determine  a 
true  meridian;  i.  e.,  the  North  star  is  not  at  its  northern 
elongation  ? 

(682)  In  what  case  is  it  necessary  to  determine  a  consid- 
erable number  of  contour  lines  while  making  a  survey  for  a 
mining  plant  ? 

(683)  State  the  principle  by  which  a  profile  is  made  to 
exaggerate  the  irregularities  of  the  surface. 

(684)  Why  should  the  engineer  re-run  the  property  lines 
before  making  a  general  map  ? 

(685)  If  a  level  tunnel  A  (7,  Fig.  280,  driven  through  the 
rock  at  right  angles  to  the  strike  of  a  seam,  is  60  yards  long 
to  the  top  slate  of  an  underlying  seam,  and  both   seams 
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have  an  inclination  of  43°,  what  is  the  thickness  of  the 
rock  between  the  seams,  measured  at  right  angles  to  the 
pitch?  Ans.  122. 7G  ft. 

(G8G)     If,  in  Fig.  280,  a  perpendicular  shaft  A  C  is  sunk 
from  the  haulage  road  in  the  overlying  seam  to  the  bottom 


^•* 
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slate  of  the  underlying  seam,  which  is  10  feet  thick,  {a)  how 
deep  will  the  shaft  be  ?  {d)  What  will  be  the  distance,  on 
the  pitch,  from  the  foot  C  of  the  shaft  to  the  level  F  of  the 
haulage  road  in  the  underlying  seam  ?    j.        j  (a)  181.52  ft. 

'  1  (*)  266.16  ft. 

(687)  If  the  pitch  of  a  seam,  as  shown  in  Fig.  281,  is  30°, 
the  line  of  strike  due  east  and  west, 
and  the  rooms  are  driven  N  30°  E, 
what  will  be  the  degree  of  pitch 
on  which  the  rooms  are  driven  ?  c 

Ans.   2(;°  34',  nearly. 

(688)  What  are    the   essential  I 
features  which  govern  the  shape 
and  extent  of  a  mining  claim  ?        B 

(689)  What  is  the  difference 
between  a  survey  made  in  a  coal- 
mine and  one  made  in  a  metalliferous  mine  ? 


Fig.  281. 
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(690)     How  many  drawings  are  necessary  to   correctly 
represent  the  workings  of  a  metalliferous  mine  ? 


(691) 
(692) 
(693) 
(694) 
(695) 


What  does  the  surface  plan  show  ? 
What  does  the  working  plan  show  ? 
What  does  a  longitudinal  section  show  ? 
What  does  a  transverse  section  show  ? 


How  is  the  longitudinal  section  made  when  the 
lode  is  flat  ? 

(696)  Describe  fully  (to  the  end  of  point  4)  the  various 
steps  in  running  a  section  level  of  which  the  following  are 
the  notes: 


Stations. 

B.  S.  H- 

i 

Ht.oflnst.i     F.  S.  — 

1 

Elevations. 

Remarks. 

B.  M. 
1 
2 

4.576 
5. 420 

3. 726 
4.500 

91.397 

3 
3  +  40 

4 
6 

4.910 
3.380 

3.170 
4.900 
6.386 
4.600 

1 

1 

! 

6 

6  +  70 

7 

2.760 

5.400 
3.100 
3.800 

8 

6.925 

(697)  Fill  up  the  notes  given  in  example  696,  showing 
the  height  of  instrument,  and  the  elevation  of  every  station. 
Indicate  which  stations  are  T.  P's,  and  insert  a  column  for 
intermediate  sights.  The  stations  are  100  feet  apart,  and 
here  and  there  are  intermediate  stations,  as  at  340  feet. 
Give  the  proof  to  show  the  correctness  of  your  work. 

(698)  Draw  a  profile  from  the  notes  given  in  example  696, 
using  a  scale  of  10  feet  to  the  inch  for  heights,  and  a  scale 
of  100  feet  to  the  inch  for  horizontal  distances. 
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(699)  Explain  fully  the  method  of  determining  and  repre- 
senting on  paper  the  contours  of  any  irregular  piece  of 
ground. 

(700)  What  is  the  best  method  of  platting  the  notes  for 
a  mine  map  ? 

(701)  What  are  the  different  scales  used  for  profile  work  ? 

(702)  How  is  the  location  of  the  point  from  which  the 
platting  is  started  usually  determined  ? 

(703)  In  making  a  profile,  what  advantage  is  there  in 
placing  a  plan  of  the  work  and  the  profile  on  the  same 
paper  ?  State  what  should  be  their  proper  relative  posi- 
tions, and  the  scale  to  which  the  plan  should  be  drawn. 

(704)  Traverse  the  following  transit  notes,  getting  the 
latitude  and  the  departure  of  each  course,  and  the  total 
latitude  and  the  total  departure  of  each  course  with  refer- 
ence to  Sta.  302.  Then,  from  the  traversed  notes  and  the 
side  notes  given  in  Figs.  282,  283,  and  284,  make  a  map  of 
that  portion  of  the  mine  from  which  the  notes  were  taken. 
Be  careful  to  reduce  the  pitch  distances  in  the  transit  and 
the  side  notes  to  the  required  horizontal  distances  before 
beginning  to  traverse. 
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TRANSIT    NOTKS. 


Stations. 


302-303 

303-304 

304-305 

305-306 

308-307 

307-308 

308-309 

308-310 

310-311 

311-312 

311-313 

313- face 

312-314 

312-315 

315-316 

316-^ 

314-317 

314-318 

318-face 

317-319 

317-face 

319-320 

319-321 

321 -face 

320-322 

320-323 

323-324 

324-face 

322-325 

322-326 

326-face 

325-327 

327-328 

327-face 

328-;r 

328  -329 

329-.r 

329-330 

330-jr 

330-face 

330-331 

331-332 

332-^ 

332-face 

332-333 

333-334 

334-;r 

334-335 

335-^ 

335-336 

336-face 

336-337 

337-303 

303-302 


Bearings. 


N  85" 
N89^ 
S  87^ 
N  77- 
N84- 
N8S' 
N  Sir 
S  89' 
vS     8' 
S  78^ 
S     2 
S     6^ 
N  86 
S     6 
S     6 
S  14^ 

s  8r 

S     4^ 
S     3^ 

N  88" 
S     2^ 
S  75^ 
S  10^ 
S     2^ 
S  82^ 
S     8^ 
S     6 
S     8 
S  78^ 
S     4 
S     9 
S     1 
N88 
S     6 
N    7" 
S     3 
S     4 
S  81 
N    3^ 
S     4^ 
S  17 
N87-^ 
N    6'-^ 
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